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AB The composition comprises (A) silica precursors containing (l) si(ORl)4 their 
nydrolyzates, and/or their polycondensation products and (2) R22Si(ORl)2 
and/or R23Si (OR1) , their hydrolyzates , and/or their polycondensation 
products (Rl, R2 = monovalent organic residue) to satisfy Si molar fraction 
m (2) to total Si in (1) and (2) 1-50 mol%, (B) linear or branched block 
copolymer-containing organic polymers, and (C) solvents of ales., ketones 
amides and/or esters. The porous insulating film is manufactured by coating a 

film ^ bStrate Wlth the imposition, forming a silica/organic polymer composite 

°!^ he S ^ iCa precursors < and removing the organic polymers from the 
composite film The porous film has low specific dielec. constant and high 
durability m chemical mech. polishing in Cu wiring process for semiconductor 
device fabrication and scarcely generates pollutant gases in via-hole 
formation. 

ST semiconductor device wiring porous silica insulator film; silica precursor 
org polymer co.ating insulator manuf; alkoxysilane block copolymer coating 
silica film manuf y 

IT Silanes 

RL: RCT (Reactant); RACT (Reactant or reagent) 

for (alkoxy; alkoxysilane- and block copolymer-containing coating composition 

manufacture of porous insulating silica film in wiring structure in 

semiconductor device) 
IT Dielectric films 

Semiconductor devices 
Sol-gel processing 

manufactur^of 73113116 " ^ co P ol y mer - containin g coating composition for 

porous insulating silica film in wiring structure in semiconductor 
device) 

IT Polyoxyalkylenes, processes 

RL:CPS (Chemical process); NUU (Other use, unclassified); PEP (Physical 
engineering or chemical process) ; PROC (Process) ; USES (Uses) 

(block; alkoxysilane- and block copolymer-containing coating composition for 
manufacture of porous insulating silica film in wiring structure in 
semiconductor device) 



IT Porous materials 
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manufacture of porous insulating silica film in wiring structure in 
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(porous; alkoxysilane- and block copolymer-containing coating composition 

manufacture of porous insulating silica film in wiring structure in 
semiconductor device) u^uuie ±ll 

IT Polysiloxanes, preparation 

(Reacta^t 1 ^ RCT ™ (Preparation); RACT 

(silicate-, silica precursor; alkoxysilane- and block copolymer-containina 
wiring ^ C ° mposition for manufacture of porous insulating^ilTca f Um in 9 

structure in semiconductor device) 
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RL. CPS (Chemical process); NUU (Other use, unclassified); PEP (Physical 
engineering or chemical process); PROC (Process); USES (Uses) ' 
manufacture of 7 " 113116 " ^ bl ° Ck ^P^^-ccntaining coating composition for 

device) inSUlating silica film in wir ^g structure in semiconductor 
IT 7631-86-9P, Silica, uses 

RL: DEV (Device component use); IMF (Industrial manufacture); TEM 
(Technical or engineered material use) ; PREP (Preparation) ; USES (Uses) 
manufacture of 73 "" bl ° Ck co P ol ^-containing coating composition for 

device) inSUlating Silica film in wirin 9 structure in semiconductor 
" PL° 2 ?MV 8 ;? P A D i met ^ ldie t hox y sil ane-tetraethoxysilane copolymer 
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(silica precursor; alkoxysilane- and block copolymer-containing coatina 
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Zt 8 " 1 .^' ^ etraeth ? Xysilane 1825-62-3, Trimethylethoxysilane 
RL: RCT (Reactant); RACT (Reactant or reagent) 
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structure 0 ^ 03 °" manufacture of Porous insulating silica filTS wiring 9 

in semiconductor device) 
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NOVELTY - The application composition comprises a silica precursor (A) an 
organic polymer (B) and a solvent (C) . The precursor (A) contains in molar 
traction of silicon atom (1-50 mol%) originating in alkoxysilane (II 
and/or ill) with respect to sum total of silicon atom originating in 
alkoxysilanes (I and II and/or III), respective alkoxysilane hydrolysis 
substance and polycondensate . 

DETAILED DESCRIPTION - The application composition comprises a silica 
precursor (A) , an organic polymer (B) and a solvent (C) . The silica 
precursor contains an alkoxysilane (I) having a general formula Si(0Rl)4 
its hydrolysis substance and a polycondensate and/or an alkoxysilane (II) 
having a general formula R22 (Si) (0R1) 2 and/or alkoxysilane (III) havinq a 
general formula R23 (Si) (0R1) , its hydrolysis substance and a 
polycondensate, where Rl, R2 are univalent organic group. The organic 
polymer contains 2 or more linear or branched block copolymer. The solvent 
is alcohol, ketone, amido and/or ester. The silica precursor contains in 

TTT^.f silicon atom (1 " 50 mol% ) originating in alkoxysilane (II 
and/or III) with respect to the sum total of silicon atom originating in 
alkoxysilane (I), and silicon atom originating in alkoxysilane (II and/or 
III) . INDEPENDENT CLAIMS are included for the following: 

(1) porous insulating silica thin film,- 

(2) wiring structure,- and 

(3) semiconductor element. 

USE - For porous insulating silica thin film used for wirinq 
structure of semiconductor element (all claimed) , and as material for 
substrate of large scale integrated multi-layer interconnections, optical 
film, structural material and coating material 

ADVANTAGE - The application composition has excellent mechanical 
f^f? 9 f an ^ St °^ a ? e stabilit Y' and hence provides an extremely high 
insulating thin film. The insulation silica thin film has excellent 

!™ ^°°5u neS !' stren 9 th and dielectric constant, and endures 
excellently the chemical- mechanical polishing (CMP) process in copper 
wiring process of semiconductor element. The insulating thin film has low 
Dwg 0/o" natl ° n gaS3ing amount dur ing beer formation, and does not shrink. 
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*f B ^ EM T ? BE S <™ = To obtain a coating composition ror producing an 
electrical insulating thin film, capable of producing such a poroul silica 
stlVallV^ " lV in / elative dielectric constan?, has mechanical 
rZt^ suffl ciently endurable to a CMP (chemical -mechanical polishing) 
operation in a copper wiring process for a semiconductor device, and 
scarcely generates contaminant gas when viae are formed 

SOLUTION: This coating composition for producing the electrical insulating 
2^1 ™J f 31113 / SlllCa P recu rsor, a block copolymer, an acid 9 

Z^lr^ S0l r nt ' r hSrein the Silica Precursor contains a specified 

amount of silicon atoms which are derived from a monofunctional 
alkoxysilane and/or a bifunctional alkoxysilane based on an amount of 
silicon atoms which are derived from a tetrafunctional alkoxysilane 
COPYRIGHT: (C) 2003, JPO a±K.oxysiiane . 
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(57) [WM (57)[ABSTRACT OF THE DISCLOSURE] 

IBM] [SUBJECT OF THE INVENTION] 

4fflM.it.}). #iftg<ft&ifttt$ The dielectric constant of a porous silica thin 

MM< : ^ f-^MMBW. film is low, and it has the mechanical strength 

f¥. II £> ft £ C M P XIS U -| -5>W which bears enough the CMP process in the 

x. S^MftJiftlJt&r^ U /6>o tf copper-wiring process of a semiconductor 

T)\ti&\Uf(/') py%; :)/ a % '\{ l,!.;c/)/> element, and provides the porous silica thin film 

?MK Wft$&y y iillii with less contamination gassing amount at the 
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T?" mw '. 1 ' " >'W« i tw^— i— ■ ■ '■■' i)WiJ ! iH*fA. : rB^i; 



time of beer formation. 

mmmm [PROBLEM TO BE SOLVED] 

4fifl:©7/v:i^y->7y It includes the silica precursor which contains 

Zft.&IFi-f-lzM LX 1 the silicon atom which originates in 1 and/or 2 

functional alkoxysilane to the silicon atom 

a * v- >y y V \c_ fc-t *> mBW< originating in the alkoxysilane of four 

fflfittf^ : :#f$E# functionality by a specific amount, a block 

£\ ^By^/gN-t, | copolymer, and an acidic catalyst and the 

"im^mmrnt m®mm&^ solvent. 

^WM t W^MM^MMBM The application composition for insulating thin 

film manufacture characterized by the 
above-mentioned. 

mmmomm] [claims] 

IMMMM [CLAIM 1] 

(A) h'iid ( 1 ) An application composition for insulating thin 

£ *i S T *fc m 4 > •> y > , L X)< film manufacture, in which (A) at least any one 1 
Wmmmmm^ WmW® o or more type of the alkoxysilane expressed with 
^>^<:H,^f0»i i|J: the following general formula (1) and its 
t, TIB— JRS (2) |;iUi/ hydrolyzate, and a polycondensate, the 
f fe&^MsS ( 3 ) e*&h>=S alkoxysilane expressed with the following 
y jv zi \- -y y y > & j, co Jjii general formula (2) and/or General formula (3) 
*ilfe,ilti©i#^ and 

<■ :t #V.vrfS^ 1 -TOM^W silica precursor containing at least any 1 or 
W^mwmmm^h^s - more types of the hydrolyzate and a 
/txife (1) 'C^^ti-57'/^=! A- polycondensate, comprising: 
S> > ~7>&<l:XfZ<D Ml MftM The alkoxysilane expressed with General 
m < \t Hi m- h mm formula (1), and its hydrolyzate, the 

(•t :/1xj^ (2) & cL %$/ & alkoxysilane expressed with the silicon atom, 
fl^i£y£33: -millili General formula (2), and/or General formula (3) 
*yy-;yj6X. V-toylnifcft originating in a polycondensate, and 

tkM'u-Vvlc di ^-f § silica precursor which is the molar fraction of 1 
m?(D<$tmmir Z-mn ( 2 ) to 50 mol % of the silicon atom originating in 
^ctt^/mfclt-^ ( 3 ) co them of General formula (2) and/or General 
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lit f> ffi lU fci '&i£M)fA-\-o.r-t formula (3) with respect to the sum total of a 

W%M® i ~-5 Q*cjv%x*h~& silicon atom originating in the hydrolyzate and a 

t> V ~JJ £ % polycondensate, si(OR 1 ) 4 

3 i ( O R 1 ) 4 (1) 

( !) R 2 2 (Si)(OR') 2 (2) 

R 2 2 (Si) ( O R 1 ) 2 R 2 3 (Si)(OR 1 ) (3) 

(2) 

R 2 3 ( S i ) (OR 1 ) 
(3) 



R\ R ? fJ:R -Ci)W^c (In the Formula, r 1 and R 2 may be same or 

o'C^Tti< > Zti^eti IM different, it expresses a respectively 

^fflUj^r^l - ) monovalent organic group.) 

(B ) 2 (B) The organic polymer containing the 2 

jtULoy/M - y '/ :i;j:y £ elements or more block copolymer of a linear or 

*M-)-^im<\°y-^ h, (C) branch, (C) At least 1 type of solvent chosen 

llasllillsil^ii from the group of alcohol solvent, a ketone 

, K ^ jo J; X$± 'A solvent, the amido type solvent, and ester 

^MB^m^ bmMHt^pfJ: solvent, it contains these. 



< t h i mm \ m 



,|J VI . 



tlt« 2 J [CLAIM 2] 

ItSS! 1 fi,iiJ»|j|cc/j>^'|$7K y -r A application composition for insulating thin film 

< ^iiHitli manufacture of Claim 1, in which the organic 

»|£cD 2 JrM V.or/v y 'j a polymer of Claim 1, it contains at least 2 

#?,■]? <t^l^©4>&< k h elements or more linear or branched block 

- o m -y y -Jj it #f L X ft copolymers and the organic polymer whose at 
7 : I'KJ{.'. ^ : <7iV\-.k)X;-eh & least 1 of a terminal group is a chemically 
$(£tifc inactive group to the silica precursor and by 

%Zk t h I (c which the terminal blockade was carried out. 



immmM [claim 3] 
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mwmm ^-mmMmm A application composition for insulating thin film 

^Mmmi^Mmm^mm^mm manufacture of Claim 1 or Claim 2, in which this 

y.-^&S^f 5 - 1 organic polymer includes this block copolymer 

-f-5 spi 4<i|i l $ fcUtti$i%i 2 more than at least 1weight%. 

t»« [CLAIM 4] 

mmmmmmmmmmmm A application composition for insulating thin film 

Wmmm^mmmmmm manufacture in any one of Claim 1-3, in which 

'Yn)-<5 .1 1 Wmb-ft>tii&y(i this application composition for insulating thin 

! Z film manufacture contains at least 1 type of 

acid. 



' In 



I W^if 5 ] [CLAIM 5] 

mmm^m^mMtm A porous insulating silica thin film, in which after 

ommMmW&ftl Wfii *ft$ applying the application composition for 

% $M I : ir M% L fr. & (r. % i/ insulating thin film manufacture in any one of 

mmmm^Jm^Xm* Claim 1-4 on a base plate, the silica precursor 

/ -ff m * y v - M -ft B m Z gelatinizes and it obtains a silica / organic 

^y ^m^m^ polymer composite-body thin film, it is obtained 

!J • / - 0- {Mm* » b Y M >K !i by removing an organic polymer from this silica 

VCUhn^Ztk I organic polymer composite-body thin film 

tlP^mm^mmm^V succeedingly. 



.'A 



mm 



[s>ifM6] [CLAIM 6] 

H«S««Kpy^ A wiring structure, which uses the insulating 
Bm%mv^Z_ tWmm^Z silica thin film of Claim 5. 



7 ] [CLAIM 7] 

§t*if 6 Bei6©Sa»#it#^ The semiconductor element which includes the 
n 3 L "C & <5 ! l^f^# "f 0 wiring structure of Claim 6. 



[«^ff«ifteiJ [DETAILED DESCRIPTION OF THE 
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mm m m [oooi] 

immmm^mmmmm] [technical field of the invention] 

mmmm mmmmmmmm^^ With this invention, the dielectric constant of a 

miW< ^ m^mmmmtm thin film is low enough, and a mechanical 

mm^mmmmmmm-Z strength is related with the application 

CI t tfifet£^^MMW$£M& composition which can provide an extremely 

&° high insulating thin film. 

[0 0 0 2] [0002] 



A\J- rt-r ,r< .1.-1 - ^1 1' " 



[PRIOR ART] 

mmm^Wmmmm, mmm Since it has the outstanding properties, such as 

ft ¥ co MM 'ft m± & M i " 5 fi lightweight and heat resistance, the porous 

l-s f$jiW : -k MilMRfo, silica is broadly used for a structural material, a 

W^asK<l ^i|p:^ catalyst support, optical material, etc. 

So M^ff»s mifetDisV For example, it attracts anticipation from the 

#lii$W£-fe< "CU; £ point of view that a porous silica can make a 

5 *>J|flf$ Srlfefe iTV^o L dielectric constant low in recent years. 

S r S: fi U & £ f 3 t^f£$-f Generally as an insulated thin film raw material 

^MMBmMWMmBMBM for the multilayer-interconnection structures of 

MU t U'Qi, .MteWMSfauy semiconductor elements including LSI, the silica 

^mm-mmmmx^fi ft film precise formerly has been used. 



•0 



1000 3] [0003] 

LfaLWW L S I (Dfii'M&lt However, the miniaturization of the wiring 

W U\ {ko>-&% tr g o T *> density of LSI is being enhanced and the 

S v -itU-ff-o Cife&.hc/J)p^ distance during wiring with which it adjoins on a 

l-^dmWvWm/mt -O » base plate in connection with this is narrow in 

3 0 ie^t wIiiOllif recent years. 

&m&)®M®m&m At this time, if the dielectric constant of a 

M^.^mm^mmm^mm connector insert is high, the electrostatic 
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I? capacitance during wiring will increase, and 



0 ',k M 
I* 



©if t\ ISM 9 :{g 



10 0 0 4] 



f!W5 - 8 5 7-6 2f# 

RBMi (WO) 19 9/0 3 
9 2 6 t-rlyy u y , [.<-(,); ■ 

ftjftTVl' >> f > <b 

0 8 1 ^$(1 Ii s T)V U*. is 



since delay of the electrical signal 
communicated through wiring as a result 
becomes remarkable, it has been a problem. 
In order to solve such a problem, the lower 
matter of a dielectric constant is strongly called 
for as a raw material of the insulation film for 
multilayer-interconnection structures. 
On the other hand, as a wiring material, it 
replaces the aluminum of the past, that lower 
resistance copper is also beginning to be used 
Is the reason the lower matter of a dielectric 
constant is called for. 

[0004] 

From the mixture type of the common 
alkoxysilane in Unexamined-Japanese-Patent 
No. 5-85762, or international publication (WO) 
99th / No. 03926 pamphlet, and an organic 
polymer, a dielectric constant is very low and 
the method of obtaining a porous silica with a 
uniform pore and pore distribution is disclosed. 
Moreover, it lets a specific organic polymer exist 
in Unexamined-Japanese-Patent No. 4-285081 
together, and performs sol-gel reaction of an 
alkoxysilane in it, and the method of obtaining 
the porous silica which has c a uniform pore size 
is disclosed. 



[0 0 0 5] [0005] 

112 0 0.1 -4 9 1 Furthermore, in Unexamined-Japanese-Patent 

7 7 H-&mctt2'timW.&£Xf No. 2001-49177, it controls so that the amount 

/ & tz it 3 tf&ffi ")7/^dry of preparations of the alkoxysilane of 

->y XDim^&lfi 4 tmto) bifunctional and/or trifunctional property 
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a ^ ^mmMBmM increases more than the amount of preparations 

< & &% y }c MM U of the alkoxysilane of four functionality, 

tsiiti* m mm^W. m mBm^ furthermore, by using a block copolymer for an 

WmmmmmmmmmmmMm organic polymer, it excels in a 

mm, mmmmmm $mmm dielectric-constant property and water 

m ^mm^mmmm^mm absorptivity, and the method of forming a low 

i 6 JjVv/M'M £ liX l > <3 0 density film with small pore size is disclosed. 

[0 0 0 6] [0006] 

W»l>v:i«aai However, the dielectric constant of any method 

4> it $VH^H -fy (c fl < i) >ojj$ is low enough and time-dependently stable. 

^mimMmm. ^WIP And the porous silica which has sufficient 

l'.WcMix.'6X ? ft, -T-#fottl mechanical strength which bears a CMP 

Hfcl&M £ W^Z^mmmV % process is in the situation which is not acquired. 

tttU^fiTV v^v ^MlC fc ^o In addition, in this invention, a CMP process is a 

ffi > fHWo^TCMP'l ; f'R process which grinds the surface and 

> m y -J- V '/ h\\ L. |:J; <o M planarizes excessive copper on an insulated 

t^WammB^mmmM thin film, when embedding copper which is 

M %>&&m&fe\ t& wiring the slot in the insulated thin film formed of 

It B m ± (/) & ft 0M%m ti & W etching machining. 

B L X W-mfcf 6 l'.fV:Cj::. t X In this process, since a compressive stress and 

h So " o r.fV' Cii, ifililPM shear stress are applied not only to an insulated 

<D3*tmm mMMMm^y * thin film but to both barrier thin film on this thin 

-14l\% (MM t±W&Ml\% MWB film (it usually deposits the silicon oxide of the 

" obit's 4 MklfMi. several hundred - several thousand Angstrom 

Wv ^- v WMMJd £ on an insulated thin film), a mechanical strength 

^ TWlt ififrMZ tt#>^ % is needed for an insulated thin film. 

o 



[0007] 



[0007] 

fl b ® iy V jj Furthermore, when heat generally tended to 



V ^-tk£H¥frb4rm remove an organic polymer from these silicas / 

m y WtiH&iZ <£ <Q L <£ organic polymer composite bodies, it had 

5 t tSM, :4 5 0%i® become the major restrictions on a 

IliSifi^Sif^fl semiconductor-element manufacture process 
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that the heating temperature of 450 degrees C 
or more is required. 

For example, if oxidation and crystal growth of 
metal wiring, a heat stress, etc. are considered 
in a semiconductor-element manufacture 
process, near 400 degree C and a 
non-oxidizing atmosphere are recommended to 
the upper limit of heating temperature. 
However, on this heat condition, the gas derived 
from an organic polymer by which most organic 
polymers remained in the sublayer survival or 
when it char-ized, for example, the 
multilayer-interconnection structure was made 
occurs from a sublayer, and above-mentioned 
silica / organic polymer composite body may 
cause an upper adhesive-strength decline and 
exfoliation^ 



[0 0 0 8] 
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[0008] 

In order to solve this, means to use the organic 
polymer which is easy to degrade thermally are 
also examined. 

However, the organic polymer was too sharp 
thermally and handling was remarkably 
dangerous. 

By the sol-gel reaction catalyst, molecular 
weight falls and the film-forming property 
degrades, moreover, since the compatibility with 
the silica precursor is bad, it produces 
precipitation in an application solution, at the 
time of film-forming, it degraded/volatilized, the 
problem of a film compacting arose, and 
creation of a porous silica was difficult. 



[0 0 0 9] 



[0009] 



10/19/2004 



10/86 



(C) DERWENT 



JP2003-89768-A 



mmmmt z mw^zm problem to be solved by the 

1 INVENTION] 

tt, ..hnclfn]M^MfAi"S This invention solves the above-mentioned 

#>°"^ WmmWmk problem, comprised such that the dielectric 

~>V t> Wl{%<DlkWim i %Wi& < X constant of a porous insulating silica thin film is 

mmm. mmmmmmmm^ low, and it is stable, and a mechanical strength 

mmmm^mmmmmmmm is high, and it bears enough the CMP process in 

<3 C M P -jr ftMx.. £ h the copper-wiring process of a semiconductor 

\r. t'7Xg|:^ (t 6 ftmnxtD element, and provides the porous application 

mmmm^^MmmWm. composition for insulating silica thin film 

y XMBMia ffl Mia^Jc^i & manufacture with less generating of the cracked 

±i~Z> h<DX*h6 0 gas in a beer process more. 



[0 0 10] 
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[0010] 

[MEANS TO SOLVE THE PROBLEM] 

It repeated earnest examination that it should 
solve the above-mentioned problem. 
As a result, contained in the application 
composition for insulating thin film manufacture, 
a monofunctional and/or bifunctional 
alkoxysilane, and 

Silica precursor which controlled the 
number-of-moles of the silicon atom originating 
in the hydrolyzate and a polycondensate to 
increase more than the number-of-moles of the 
silicon atom originating in alkoxysilane of four 
functionality and its hydrolyzate, and a 
polycondensate, it discovered that the 
application composition for insulating thin film 
manufacture containing a specific organic 
polymer and the specific solvent solved the 
above-mentioned problem, and perfected this 
invention. 

[0011] 
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1 > (A) FRti-^^ (1 ) 'C0: 

i s TfB-|^ ( 2 ) & ,fc OV 
T n- : ' -V- •> >- y >*;.LO?-?;co7jn 

J&it ( 1 ) fi^5'7#a^ 

$3 =fc ® -?• (7) 7K 5> ft? 

.11; a (ill 

^ ( 2) m i u/ * tc 

8 -flxjt ( 3 ) T'^^tLS T^ 

vH)fn\iz*nz> (2) 

fc^/S^w -fct (3) © 



The above of this invention and many other 
objectives, many properties, and many profits 
become as is evident from the detailed 
explanation which it describes below, and the 
publication of a generic claim. 
Namely, this invention, it is the silica precursor 
containing at least any one 1 or more type of the 
alkoxysilane expressed with 1(A) following 
general formula (1) and its hydrolyzate, and a 
polycondensate, and at least any one 1 or more 
type of the alkoxysilane expressed with the 
following general formula (2) and/or General 
formula (3) and its hydrolyzate, and a 
polycondensate, comprised such that silica 
precursor which is the molar fraction of 1 to 50 
mol % of the silicon atom originating in these of 
General formula (2) with respect to the sum 
total of the silicon atom originating in the 
alkoxysilane expressed with the silicon atom, 
General formula (2), and/or General formula (3) 
originating in the alkoxysilane expressed with 
General formula (1) and its hydrolyzate, and a 
polycondensate and its hydrolyzate, and a 
polycondensate, and/or General formula (3) si 
(OR 1 ) 4 (1)) 
R 2 2 (Si)(OR 1 ) 2 (2 ) 



S i ( 

m 

R 2 2 (Si) 

(2) 



R 1 ) 4 
(OR 1 ) 2 



R 2 



3 ( S i ) ( O R 1 ) 

(3) 



{mm R\ r- 



R 2 3 (Si)(OR 1 ) 



(3) 



1 7 

(R and R being same or different in the 
Formula.) 

It expresses a respectively monovalent organic 
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^t5#l*"'Jv-^ (C) 



v 7 S#Ii 



m: .X 7 

©2 3§gt I ;C/ .)/!/ yp titf y .r? 



group.) 

(B) The organic polymer containing the 2 
elements or more block copolymer of a linear or 
branch, (C) Contain at least 1 type of solvent 
chosen from the group of alcohol solvent, a 
ketone solvent, the amido type solvent, and 
ester solvent. 

The application composition for insulating thin 
film manufacture characterized by the 
above-mentioned. 
2. 

The organic polymer of 1 , at least 2 elements or 

more linear or branch block copolymer 

The organic polymer whose at least 1 terminal 

group is a chemically inactive group to the silica 

precursor and by which the terminal blockade 

was carried out 

It contains these. 

The application composition for insulating thin 
film manufacture of 1 characterized by the 
above-mentioned. 



t~fz 1 £fc&2 trie 



mmmmmmm 



4 , mmmmmmmmmmfc 



3 m ^mmu m ,it (/) mm. n 



3. 

This organic polymer includes this block 

copolymer more than at least 1weight%. 

The application composition for insulating thin 

film manufacture of 1 or 2 characterized by the 

above-mentioned, 

4. 

This application composition for insulating thin 
film manufacture contains at least 1 type of 
acid. 

The application composition for insulating thin 
film manufacture in any one of 1-3 
characterized by the above-mentioned. 
5. 
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After applying the application composition for 
insulating thin film manufacture in any one of 
1-4 on a base plate, the silica precursor 
gelatinizes and it obtains a silica / organic 
polymer composite-body thin film, it is obtained 
by removing an organic polymer from this silica 
/ organic polymer composite-body thin film 
succeedingly. 

The porous insulating silica thin film 

characterized by the above-mentioned. 

It uses the insulating silica thin film of 6 and 5. 

The wiring structure characterized by the 

above-mentioned. 



7 v 'mmmmmmmmm It is related with the semiconductor element 
L X:m£mWmmmmm® 0 which includes the wiring structure of 7 and 6. 



[0:0 12] 

RxH y S i O z (4) 
<2, 0<y< 2, ()< ( x I 

y) <2, i < z ^ 2-efc5) 0 

-\- -y •> -> > ( 2 jyv^'C\ S i 

(OR 1 ) 4^4fl"ft#7^a 

* ><!rai/v ( 2 ) 
^K 2 2 (S i) (OR 1 ) 2 £ 2 & 



•> y y ^ 



1 



[0012] 

In addition, about the porous silica as used in 
the field of this invention, it is characterized by 
being a porous one which essentially consists of 
one that was expressed with following General 
formula (4). 
RxH y Si0 2 (4) 

(R expressing a C1-8 linear and branch top and 
an annular alkyl group, and an aryl group.) 
0 It is IS_LESS_THAN_OR_EQUAL_TO x<2, 
0 IS_LESS_THAN_OR_EQUAL_TO y<2, 0 
IS_LESS_THAN_OR_EQUAL_TO <(x+y) 2, 
and 1<z IS_LESS_THAN_OR_EQUAL_TO 2. 
Moreover, in the alkoxysilane expressed with 
General formula (1) which the point described in 
this invention, si (OR 1 ) 4 called alkoxysilane of 
four functionality) 

It is a Afunctional alkoxysilane about 

2 1 

R 2(Si)(OR ) 2 of General formula (2), let 
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R 2 3 (Si)(OR 1 of General formula (3) be the 
alkoxysilane of monofunctional property. 
And an alkoxysilane hydrolyzes and 
M fi- L"C y c0) polycondenses and the rate of fusing calls a 
»«9 5%«m^ 3 silica what is about 95 % or more in this 

invention. 

[ Q 0 1 3 ] [0013] 

mmMmmmm^mmMm It demonstrates below the application 
MmmmmmmmW mW. M. composition for insulating thin film manufacture 
mmmmm^-m m^Xm (it calls an application composition hereafter) 
W*5o #MW\zMvmm0M which it uses for this invention. 
mmr^m^m^mmm The application composition which it uses for 
mmmmmmummwmm this invention has as a main component silica 
mm®Mmmwmmmm& precursor (A), organic polymer (B), and solvent 

(C) which contain any or 1 or more type among 
^ an alkoxysilane and its hydrolyzate, and a 
polycondensate. 

It demonstrates silica precursor (A) which it first 
uses in this invention. 



I'.-) ^ "C life !!/]"<]" -6 u 
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*m W % ffl ^ 5 'J % \\\m.{¥ 

its 4 ftfPA'tcr) T & ? 

^mm^wmmmmm mm 
® w <® ') wmu & i mx i: 

2 'lYfjlHt'l:<>')7'./U : i -V- 

^mmmmmmmmm mm 



[0014] 

Silica precursor which is used for this invention, 
any or 1 or more type among the alkoxysilane of 
four functionality and its hydrolyzate, and a 
polycondensate, in a Afunctional alkoxysilane 
and its hydrolyzate, and a polycondensate, it is 
characterized by containing at specific rate to 
any or 1 or more type among any alkoxysilane 
or 1 or more type and/or monofunctional 
property and its hydrolyzate, and a 
polycondensate. 

First, it describes below the detailed example of 
the alkoxysilane of four functionality expressed 
with General formula (1) which can be used for 
silica precursor (A) of this invention, the 
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■mm^ 4 tm®L<DT» * * bifunctional alkoxysilane expressed with 

mmmr^Wm: ( 2 ) General formula (2), and the alkoxysilane of the 

Umt^mmr^^U^y monofunctional property expressed with 

JlkSt (3) W&Wm 1 General formula (3). 



10 0 15] [0015] 

4®mmm^*i/^WZ As for the alkoxysilane of four functionality, a 

mmmm,y- V y / h -\ ■> •>• tetra methoxysilane, a tetra ethoxysilane, a tetra 

Z y \. T h * ^ ( n - Propoxy) silane, a tetra (i- propoxy) silane, a 

T K I (n-^o^dr^):^ t etra (n- butoxy) silane, a tetra (sec-butoxy) 

y ^ V _' (i ' y '"^'-V-->) silane, a tetra (tert- butoxy) silane, etc. are 

y J ly > - r l v ? ( n / f> -V- v-) mentioned specifically 

^ :y> l > " K ( 1 6 c " y h * A tetra methoxysilane and a tetra ethoxysilane 

<s) ^7^ v Th 7 ( t e r t- are especially preferable among the 

:/ I^V-v) i/yyftW^-sff, alkoxysilane of four these functionality. 

I 0 0 1 (5 ] [0016] 

Bc3£ (2) As the detailed example of a bifunctional 

alkoxysilane expressed with General formula 
(2), a di methyl dimethoxysilane, a di methyl 
f ?' 7 y " v *- y diethoxysilane, a di methyl di (n- propoxy) 

7 is ( n - ^ p silane, a di methyl di (i- propoxy) silane, a di 

-» ' >7 ^ ^^^(i methyl di (n- butoxy) silane, a di methyl di 
--^u^df-i/) (sec-butoxy) silane, di methyl di (tert- butoxy 

( n ~^ h * ^ U J * s s\\ane), a di ethyl dimethoxysilane, a di ethyl 
f£f /k ? ( S e c " y h " V ' >} diethoxysilane, a di ethyl di (n- propoxy) silane, 
* >yy ^ ( t e r t- a di ethyl di (i- propoxy) silane, a di ethyl di (n- 

-J Y*?s*yyls) s y->'-/ /i,y7 butoxy) silane, a di ethyl di (sec-butoxy) silane, 

M ! / ? 7:/ \ i;: ' :f/ ^ X h di ethyl di (tert " butox y silane), a di propyl 
-V-^i/y > ; ;r.-^vu i/ (n - dimethoxysilane, a di propyl (n- butoxy) silane, 



T Sl- : t 5- i/ -> -7 y <D 
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~?nm%i/) a di propyl diethoxysilane, a di propyl 

^mmmmmm, (sec-butoxy) silane, a di propyl di (n- propoxy) 

(n ~ :7 "^^> / ) & silane, a di propyl (tert- butoxy) silane, a di 

7 y , -/ir^: ( s e c -y"' > propyl di (i- propoxy) silane, a di phenyl 

^Z^^T^ ( * dimethox y silane . a di phenyl diethoxysilane, a 
e r t M -yyyy) , di phenyl di (n- propoxy) silane, a di phenyl di (i- 
&m>V* WiW?^ propoxy) silane, a di phenyl di (n- butoxy) 
o fc> ( n h * y) y 7 y , silane, a di phenyl di (sec-butoxy) silane, di 
yyp :tf/w^3t phenyl di (tert- butoxy silane), a methyl ethyl 

yyp mu ( s e c --/ I- i\- y) dimethoxysilane, a methyl ethyl diethoxysilane, 
>y> ^ > ? vj 'l-"/t ^ (n-:/ii a methyl ethyl di (n- propoxy) silane, a methyl 
i'') ^'0 ^ ethyl di (i- propoxy) silane, a methyl ethyl di (n- 

(tert-/M-y) yy butoxy) silane, a methyl ethyl di (sec-butoxy) 

r £ fc°>t> y (]--/ . z ;K $ y) ~> ^ silane, methyl ethyl di (tert- butoxy silane), a 
^-^"^^ '^yyyy, methyl propyl dimethoxysilane, a methyl propyl 
y y ; ,v -y .-r. M- y -7 y , diethoxysilane, a methyl propyl di (n- propoxy) 
y -r. -/^(n-/n $ £ y ) silane, a methyl propyl di (i- propoxy) silane, a 
mmt-^m'^mmmm$m^. methyl propyl di (n- butoxy) silane, a methyl 
&^#P) propyl di (sec-butoxy) silane, methyl propyl di 

v ( n - y h W&) i/-/^ y (tert- butoxy silane), a methyl phenyl 
^'Ir^ (S e c -~ 7h *^ dimethoxysilane, a methyl phenyl 
y y i>y < t e r diethoxysilane, a methyl phenyl di (n- propoxy) 

t -y Myyy y) ; y ://U:n silane, a methyl phenyl di (i- propoxy) silane, a 
-/vu-y^ h*yyyy % y ^ methyl phenyl di (n- butoxy) silane, a methyl 
mmm^twm^m: m phenyl di (sec-butoxy) silane, methyl phenyl di 
/y-nfvpy (n-yutf^y) (te rt- butoxy silane), an ethyl phenyl 
y/y, .^ ^/i..x /- A -y ( j _ dimethoxysilane, an ethyl phenyl 
•7° p y ) -> 7 y ^ fvyn diethoxysilane, an ethyl phenyl di (n- propoxy) 
fvi-y ( n - y h y) y^y % silane, an ethyl phenyl di (i- propoxy) silane, the 
^^•r.fvuy (s ec-7K alkyl silane which two alkyl groups or an aryl 
>y) yyy, y ^yu^^yy ( t group connected on silicon atoms, such as an 
e r ethyl phenyl di (n- butoxy) silane, an ethyl 

/y/ p tVi^ h^yy^y, phenyl di (sec-butoxy) silane, and ethyl phenyl 
mmmmm^mimmm di (tert- butoxy silane), is mentioned. 

y s /-j-ju-/u b°y ( n - y p 

# ary ) y y y, y^ype 
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mm ( i r~ ^mm wmy\ 

P) i/yy\ $ i-)\>~f u tVki/ 
( s e c -y* h * y) : -y^y, ^ 
-/viy/n tVUi? (tor I. -:/ £ 

•» 7/ y ) , / =f-)vy ^. - 

/ h'\~>'i>- y >\ / -f ju y >tp 
/uy.c h -V-v >'y y s . .7 -/vu :/ 
A --/wy ( n -y°n /1f -Jr y) y 
y ^ v * :/vl- V ;r .-./Uy ( | - 
"/n >J?:# v-); y 7 y\ 
m i> (n -7" h y) ; v- -7 
^f^7^si:/Uy (sec - 

-Y/t-v 5 ("t e r t-/ I- r 

> ) s -' - /vL-y re -•- IV is / \- 3r y 

(n -y°u : 7)f dr ^) y-yy^ 

V>\ :r- -/• /l, y ., fcflfcag? 
(n - y" h ^ v ) yy j^.y. 

;yy a--jV-y ( s e c - -/ y 3f 

P) yy y v aif^7ia/i' -y 
( t e r t. -y* h^- yyy y^ 




10 0 1 7] [0017] 

p<^/H7-.-.^yy )^-y Moreover, a methyl vinyl di methoxysilane, a 

y y y s t--f->vv; ~,i y^ m ethy| vinyl di ethoxysilane, a methyl vinyl di (n- 

^«; i#*feM':| n propoxy) silane, a methyl vinyl di (i- propoxy) 

-y°ri,K-1r->) silane, a methyl vinyl di (n- butoxy) silane, a 

f^/py ( i -yn^dr-y) ^ methyl vinyl di (sec-butoxy) silane, methyl vinyl 
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7 X'-' if ^/i>2> '( n -y di (tert- butoxy silane), a divinyl 

Wmmmp dimethoxysilane, di vinyl diethoxysilane, a di 

i> (s c c--/h-\'-v') >'y>\ vinyl di (n- propoxy) silane, di vinyl di (i- 

/^t'c/i/y ( t e r t -7' h propoxy) silane, a di vinyl di (n- butoxy) silane, a 

^ •> v- 7 >-h if - )V p J h * di vinyl di (sec-butoxy) silane, di vinyl di (tert- 

'y-yy-y- Vmmmmmkm* butoxy silane), etc. 

i>t:-:./ui/ ( n -y"u The alkyl silane which the one to two vinyl 

P#?k) s'f f :, ^fc'i/i>v? ( i group connected on the silicon atom is suitable. 
-7°n^^--» is? y s i> f - 

^ ( h - /^ ;>) •> y > , 

x!'--^-;^ ( s e c - / :\ v ) 
->'?>> ii^^iC ej t- 



[0 0 l 8] [0018] 

#P (3) -C^^tLo I Wffi As the example of the alkoxysilane of 
&(D7sUzi *i/i/y yoHmm monofunctional property expressed with 
t bT, h y ^ -/vu> General formula (3), a tri methyl methoxysilane, 

h>J * f vu h ^ -y ? y y a tri methyl ethoxysilane, a tri methyl (n- 
y . s VX) ./ ^' /U (n ~" /p> ^^ propoxy) silane, a tri methyl (i- propoxy) silane, 
*y) ^7 ^, h y ^ ^/u ( i - a tri methyl (n- butoxy) silane, a tri methyl 
yp^Jfv-) Wmm (sec-butoxy) silane, tri methyl (tert- butoxy 

W (n-y mm i/ 7 y ( h silane), a tri ethyl methoxysilane, a tri ethyl 
V A (s e <:-:/ l-\-y) P ethoxysilane, a tri ethyl (n- propoxy) silane, a tri 
7Kf»f#|^ e r t - ethyl (i- propoxy) silane, a tri ethyl (n- butoxy) 
:/ h*yPyy) , h y-' :/-^> silane, a tri ethyl (sec-butoxy) silane, tri ethyl 
Y*ypyy^ m^mmm b (tert- butoxy silane), a tri propyl methoxysilane, 
-7 >\ h U xf ( n - a tri propyl ethoxysilane, a tri propyl (n- 
-/□;K^» ->v>\ propoxy) silane, a tri propyl (i- propoxy) silane, a 

^ ( i --/n;K--V--» yyy^ tri propyl (n- butoxy) silane, a tri propyl 
h y.^f-/i. ( n -.7>^» ^ (sec-butoxy) silane, tri propyl (tert- butoxy 
yVs \ ( s e e - / h silane), a tri phenyl methoxysilane, a tri phenyl 

Pyy s bV^^/u ( t ethoxysilane, a tri phenyl (n- propoxy) silane, a 
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em -mmM^mMH tri phenyl (i- propoxy) silane, a tri phenyl (n- 

7°p t°/M b*yi/yy s b V butoxy) silane, a tri phenyl (sec-butoxy) silane, 

7°x> t'Vi^n b*yyyy^ f y tri phenyl (tert- butoxy silane), a methyl di ethyl 

» ( n -7'P/-K^-» -> methoxysilane, a methyl di ethyl ethoxysilane, a 

F y ^p tVi^ ( i --/n methyl di ethyl (n- propoxy) silane, a methyl di 

X*i/) isyy^ r-y^PtVw ethyl (i- propoxy) silane, a methyl di ethyl (n- 

(n -7' b'\y) yyy s h y butoxy) silane, a methyl di ethyl (sec-butoxy) 

pP ©i^ ( s e g -y'M->) y silane, methyl di ethyl (tert- butoxy silane), a 

7 >\ h !i :/u ( t e r t- methyl di propyl methoxysilane, a methyl di 

I- y "7 ,,•..-- ;[.- propyl ethoxysilane, a methyl di propyl (n- 

^ b*yyyy s b y 7i=;i. propoxy) silane, a methyl di propyl (i- propoxy) 

,s * y y :) y » •* !; silane, a methyl di propyl (n- butoxy) silane, a 

( n - 7°n X* is) i/y y y h methyl di propyl (sec-butoxy) silane, methyl di a 

y 37 *#*> ( i - -/P/K^rv-) propyl (tert- butoxy silane), a methyl di phenyl 

h JJ 7l " /k (n~y methoxysilane, a methyl di phenyl ethoxysilane, 

K ^- tf ^, h y r/ 3-. - >v a methyl di phenyl (n- propoxy) silane, a methyl 

( s e g --/ I? 3r -y) ->y> % \- di phenyl (i- propoxy) silane, a methyl di phenyl 

!J :7.t.-,u ( t ( , r t .y ^.^..y (n . butoxy) si(ane a methy | dj pneny| 

\yyy) s yi ^-jwj-^yu^. b * (sec-butoxy) silane, methyl di phenyl (tert- 

isisyy^ M-jWs^yV^b butoxy silane), an ethyl di methyl 

% yyyy s ff-iv<s^,\, ( n methoxysilane, an ethyl di methyl ethoxysilane, 

-y"uX*i/) 77 V, an ethyl di methyl (n- propoxy) silane, an ethyl 

isM^M ( i -7"D>jfdr-» di methyl (i- propoxy) silane, an ethyl di methyl 

yy s /y^^y^/u (n (n- butoxy) silane, an ethyl di methyl 

P*m i/yy\ #:f/^:# (sec-butoxy) silane, ethyl di methyl (tert- butoxy 

f1s:ft-^M^) yyy, silane), an ethyl di propyl methoxysilane, an 

/■?-/]sy :v. ? ;i- ( i c r i. -:/ b ethyl di propyl ethoxysilane, an ethyl di propyl 

*yyy y)^ / ^/uyy"a gfa ( n - propoxy) silane, an ethyl di propyl (i- 

1 b *yi/y y , / i> 7" m propoxy) silane, an ethyl di propyl (n- butoxy) 

E:Vix.n: b*isyyy, t:-J-/V is silane, an ethyl di propyl (sec-butoxy) silane, 

' f p tVu ( n-7/P/K#i/) is ethyl di a propyl (tert- butoxy silane), an ethyl di 

ySy ^ * 7° P W)P ( i - phenyl methoxysilane, an ethyl di phenyl 

■7v'4'%y) yyy s tjf-jVis ethoxysilane, an ethyl di phenyl (n- propoxy) 

7°m t°;\s ( n - 7' b *iy) yy silane, an ethyl di phenyl (i- propoxy) silane, an 

y ; ^^Uv-/n t°;u (sec- ethyl di phenyl (n- butoxy) silane, an ethyl di 

~ f h * y) ^7 >: X ?/\sis-f phenyl (sec-butoxy) silane, ethyl di phenyl (tert- 
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■ iMXf' i iiiiniMiiw^MMBMBdJMEjwMiMMMi^^^M « i J i iii,..,ii .-.-tin ; 



trWt, U f :t -m^mmm butoxy silane), a propyl di methyl 

/-/^y7ir./M K=Sf •> methoxysilane, a propyl di methyl ethoxysilane, 

%>:7 ^ A -l~ )X/ ^~7 * I- a propyl di methyl (n- propoxy) silane, a propyl 

^•>-->-?^ s / Tju-Jv ;v.;-;i- di methyl (i- propoxy) silane, a propyl di methyl 

m^mmwm^mmm (n- butoxy) silane, a propyl di methyl 

Wm&WmmmM^Mmmm (sec-butoxy) silane, propyl di a methyl (tert- 

^ ' yy y - ^f^7x"/v butoxy silane), a propyl di ethyl methoxysilane, 

(n _y y: -7- a propyl di ethyl ethoxysilane, a propyl di ethyl 

fly^y^. ( sec ^ (n- propoxy) silane, a propyl di ethyl (i- propoxy) 

^ -> " 7 y - t^A-Sy .<■ - A- silane, a propyl di ethyl (n- butoxy) silane, a 

( t e r i-S h + y->7 V) ^ propyl di ethyl (sec-butoxy) silane, propyl di 

i>t T>v* h*^i/y ethyl (tert- butoxy silane), a propyl di phenyl 

y ; ^^^W^mm» methoxysilane, a propyl di phenyl ethoxysilane, 

yy^ --r-f-vPv^fvP (n-y a propyl di phenyl (n- propoxy) silane, a propyl 

d m*is) is? mm/h^ j di phenyl (i- propoxy) silane, a propyl di phenyl 

(n . butoxy) si | ane! a propy| dj pheny| 

^ -/vu x ^ -/-/u ( n - y' h 3| -» (sec-butoxy) silane, propyl di phenyl (tert- 

'^ y ' :r ~J ^"y / -J-^ (s e butoxy silane) phenyl di methyl methoxysilane, 
g -:/ r- ■» i/v>\ :r.-/-/u^ a phenyl di methyl ethoxysilane, a phenyl di 

t e r t -7'hJry->7 methyl (n- propoxy) silane, a phenyl di methyl (i- 

y) ^-/wj'fu tVM h * •> propoxy) silane, a phenyl di methyl (n- butoxy) 

' yy y ^'f-^Vy*^ silane, a phenyl di methyl (sec-butoxy) silane, 

•■tf'/P^/ci t> phenyl di methyl (tert- butoxy silane), a phenyl 

(n -:/u^A--v) ->7y, .-r. di ethyl methoxysilane, a phenyl di ethyl 

/vi^ y w t> ( i - 7"p;J^ ethoxysilane, a phenyl di ethyl (n- propoxy) 

y) '>y >\ if/^^n tVP silane, a phenyl di ethyl (i- propoxy) silane, a 

(n :/l-V--» ->v^ s -x. /- phenyl di ethyl (n- butoxy) silane, a phenyl di 

n mm (sec -V h * ethyl (sec-butoxy) silane, phenyl di the ethyl 

m^m?mm^m*mmmi> (tert- butoxy silane), a phenyl di propyl 

( L c r t-S h^y isyy) , methoxysilane, a phenyl di propyl ethoxysilane, 

if^y7i^/K^ h % v p, -7 a phenyl di propyl (n- propoxy) silane, a phenyl 

y^xf^i>7i : s^g: Kte di propyl (i- propoxy) silane, a phenyl di propyl 

yy y > - r ^>^'yy.v („ ( n - butoxy) silane, a phenyl di propyl 

--/P7.K^-» (sec-butoxy) silane, phenyl di a propyl (tert- 

i/y i s#: ( i - 7°u /K^r •» butoxy silane), etc. are mentioned. 
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'7 x. (sec --/ h -V- is) W 

7>s =£--J-/i<i>y x.-./U ( t c 

r t --/ Y*yy-; y) v. -/li t:' 
/UvV -//l^ h ^ •> v y >' ; -/ 
u x > 9 mm |^ ,y- v ^ y 
^> 7"n t°/Wv^ fvl? (n-y° 

WMmy): > yy, yu t'juy 
% ( i -Txi tfWi/) yyy 

fcVu^yvk ( t e r t- 
•/ N 3f is W y y) s /n fe&teS&B 

trVUS^r.^yU ( n --7'P>^^i/) 
^7^ ~7u t'jUy^oc^/y ( j 

^^^f/U (n - / hdrv<) y 

z 7>, -/v h'/u-yzi-^/u ( s e 
c -y" h -\ •» fl>;fffK 

v?a:^/l> ( t e r t -:/ \--\-yy 

7x^1, ( n -:7'P7lf 

7 : y°n \fjV'yy ax =-/V ( i 

A> : 7;r.~.,i. ( n :/ h * y) 
yyy, y°n tvi^y.-r -/i, ( s 

e c -X h * v-) v'y ^ :/i7 It" 
jVi/y j. ( t e r t --y h 3=- 
•>• > V ^) 7 n.-./Uy / -f-ju/ 
h # •> > , 7 -x S? ^ if- 
K ^ v-v-7 >, y x—)Vy 



....................... . - , ... ....... •J-;>.:::. ■>.:,;;:-•■-;. . • ... 

: yy /"''l''"X r ' n '^ i 
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v-mmmpwmm mm --/ v 

# •» y y v ; W; m=s /wv 2 y. ^ 

* ( t e r t -'/ \--\yy-) > ) , 

y : r. -/Wi?.-r-f-/l/ ^ f, $r i/i/ y 

(n 

/i>^3:fyp ( i - /p 7 Jf df- 
^7^ 7x^;l.^x=f/|, ( n 

- :/ h* >» ->7V ( -7 n:. S 
i/o^jyu ( s e c - / I- % •> ) x 
7^ y^-yl^o:^ (;t e 
r t. -7 K-ifV^y » MSMMm 
/Vi/-frt if/u / h A- v- ^ y ^ 
7 - /i,- ^ '/ r./ I;" /l.-;c |. df- ■> -> 

yy, y .rL--;vi/ fa ww ( n 

/]>v*y*a b /L ( i — y' u >K -\ y) 
v.r.--i/i^>>y' u t*/u(n 

Vlf xi ¥ }\, ( s c c-T'R-y) 
>\ •7 r...-. ;U. ^7/, i ( , 

e r t -7 h^v-v-y y) ^ 



[0019] [0019] 

y"-Y ^Itf-f _kfc 1 ~ a to Moreover, the alkyl silane which the 1-3 vinyl 

O^^^I^J*** group connected on the silicon atom is suitable. 

* y y t&Ek$m^1&£y*. Mi$ Specifically, they are a trivinyl methoxysilane 

ri<jM(;t, h y gmm Y-\yy and a trivinyl ethoxysilane, a trivinyl (n- 

y-m b y t'^/w-n b^yyy propoxy) silane, a trivinyl (i- propoxy) silane, a 

K h V lfc-/V (n-y^D/K^ trivinyl (n- butoxy) silane, a trivinyl (sec-butoxy) 
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i/) >\ h y f-./u ( j - silane, a trivinyl (tert- butoxy silane), a vinyl di 
-/n^A-» yyy s h y I-"" methyl methoxysilane, a vinyl di methyl 
A- (n y>*>') -> ?>\ h ethoxysilane, a vinyl di methyl (n- propoxy) 
y fc*:±/k ( s e c -y* Y *U) *y silane, a vinyl di methyl (i- propoxy) silane, a 
-7 V\ f> y^-_/p ( tert- vinyl di methyl (n- butoxy) silane, a vinyl di 
:/ h m 7 y) , Wmwmm- methyl (sec-butoxy) silane, vinyl di methyl (tert- 
mmMm^^m^mm^MA butoxy silane), a vinyl di ethyl methoxysilane, a 
^P«^^;W^;^ v ;.-tr&^P vinyl di ethyl ethoxysilane, a vinyl di ethyl (n- 
/'-f-'^ {x\--Tn m-'y) is-7 propoxy) silane, a vinyl di ethyl (i- propoxy) 

silane, a vinyl di ethyl (n- butoxy) silane, a vinyl 
di ethyl (sec-butoxy) silane, vinyl di ethyl (tert- 
^ (n -'J M"-» yyy s tf butoxy silane), a vinyl di propyl methoxysilane, 
::.)W J- ( s c e - f V -V a vinyl di propyl ethoxysilane, a vinyl di propyl 
*M vy >\ /-l-iv ( t (n- propoxy) silane, a vinyl di propyl (i- propoxy) 

c r t-7* b*z/yyy) s f-- silane, a vinyl di propyl (n- butoxy) silane, a 
/i^n^/M h^-y^vy, tf' vinyl di propyl (sec-butoxy) silane, vinyl di a 
.-^y\-r--7-;y-T.u* i s.y- 7>s propyl (tert- butoxy silane), etc. are mentioned. 

vO ->7>, e^i^^-c^/b ( i 

( n - "/ h * y) yy 
If :r- ^ :r. ■/■ A- ( s e c- 

/ I- -\- •» yy y s , t?=./\>i?=c 

: J~A- ( t e r t - :/ h S/ v- y 
v^y^ N h*-;l/^-/n t°/kx h ' 

(n-yn/K^rix) i/y^ if 
-■^v'/n ( i -/p;Jf^ 
*» v-y> V f --/P -f a 

( n / V -V- > ) ->y b".- 
^■/T'n bVu (sec -;/ V -V- 

( t e r t-y* l*7#7 : 
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[0 0 2 0] [0020] 

mmmmi mmmmmmm Like the mentioned above alkoxysilane is used 

mmmwmmsswwmmm as the monofunctional property and the 

Wmmmmmmmmmmmmm Afunctional alkoxysilane of this invention. 

^mmmmmmm-mmmm However, one more preferable in it is a tri 

W£ mm ■ 1»W methyl methoxy silane. 

h 7 >\ hVf?-/U3L a tri methyl ethoxysilane, a tri ethyl 

Y*y-yyy^ h V:r.?-,i/ h methoxysilane, a tri ethyl ethoxysilane, a tri 

*yy-yy s h Ummm propyl methoxysilane, a tri propyl 

V V ' /r ' M '" methoxysilane, a tri propyl ethoxysilane, a tri 

*f*f. - ^ v ^ Phenyl methoxysilane, a tri phenyl ethoxysilane, 

h V :/u if/u;.. |,,\. a p heny | dj methyl methoxysilane, a phenyl di 

f V> l>!)7i:;/M F * methyl ethoxysilane, a di phenyl methyl 

^ ^ f ^ > h y 7 * h * methoxysilane, alkyl silanes, such as a di 

yyy y^/ui/t ^/v* phenyl methyl ethoxysilane, a di methyl 

v*isyyy s y W'^ / -J- diethoxysilane, a di methyl diethoxysilane, a di 

ju:r. Y %r i/ y y miim. :v . - , v ethyl diethoxysilane, a di phenyl diethoxysilane, 

S^^ m V?^^^ mm a methyl etn y' diethoxysilane, a methyl phenyl 

diethoxysilane, an ethyl phenyl diethoxysilane, 



a di me thy| dimethoxysilane, a di methyl 

:n i^ v --> >"^>'^ vV-ZvUi/:.-. dimethoxysilane, those, such as a di ethyl 
K A- a >>:>- h dimethoxysilane, a di phenyl dimethoxysilane, a 

= 3 r>'->-7^ > Vy * --,v*yir. y methyl ethyl dimethoxysilane, a methyl phenyl 
^■•>->T^ v ^^v^fvu^.r. dimethoxysilane, and an ethyl phenyl 

dimethoxysilane, is mentioned. 

h --V- v- y > , /x a :/ . ,, 
Av^ Y%~y<syy s 

A V -Y- y y y y\ iyy^-yuiy 

+ V A- y-y yy, /•/•^xf;i/ 

h 7 k, , t ^/ky. x. 
--AiV V^-y-yyy^ m^m^ 
y.m ^/i>isjt :h%&isy yj£:g: 
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10 0 2 1 ] [0021] 

mm< Wm^mmmmmm, Moreover, it can also use one the direct 
WWmZmmW^mm^em. hydrogen atom connected with silicon atoms, 
mmmm^mm^mmWz? such as a methyl dimethoxysilane, a methyl 
mmmm^mwmmmm^ diethoxysilane, an ethyl dimethoxysilane, an 
mMmm-:mmBmmmS ethyl diethoxysilane, a propyl dimethoxysilane, 
^mmm/mm a propyl diethoxysilane, a phenyl 

dimethoxysilane, and a phenyl diethoxysilane. 
^J7^mm^;MMM^MM As an especially preferable alkoxysilane, a tri 
WilWl^^bTi^^fcfflU^^ methyl ethoxysilane, a tri ethyl ethoxysilane, a 
3 : w £ ^'C^3 , frmtpm tri propyl ethoxysilane, a tri phenyl ethoxysilane, 
mmmm^msmMm*^ a phenyl di methyl ethoxysilane, a di phenyl 
~ yy t^Kir. me thy| ethoxysilane, a di methyl diethoxysilane, 

MVv->7 a di ethyl diethoxysilane, a di phenyl 
y \ h Y*isi/y diethoxysilane, a methyl ethyl diethoxysilane, a 

> s MJ7z = /i,xR^yy methy | pheny | diethoxysilane, and an ethyl 
>V ~7 ^:=r./k i?t '.fy^x h.fe* phenyl diethoxysilane are mentioned in these. 



7 wmMm 



o 



[0 0 2 2] [00 22] 

mtti fx (.-r h^v-^X-^ Moreover, bis (ethoxy di methyl silyl) methane, 

v-y /u) X ^> v bis (ethoxy di phenyl silyl) methane, the bis 

yy7.x.:.:;i,yy;i,) (ethoxy di methyl silyl) ethane, the bis (ethoxy di 

^ m^mm^mmmm phenyl silyl) ethane, the 1, 3-bis (ethoxy di 

#tt^7:;x methyl silyl) propane, 1, 3-bis (ethoxy di 

;r./y ^ ^ , 3 - phenyl silyl) Propane, a 3-diethoxy- 1 , 1 ,3,3-tetra 

^ i^V V-VX /vu;/y methyl disiloxane, a 1,3- diethoxy- 1,1,3,3-tetra 

>v) 7*n/^ i, 3 _t^ (-£ p heny| disiloxane, a 1,2- diethoxy- 1,1,2,2-tetra 
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mmm -wm : :M : m^- 1,1, 

3, 3 -T K-y^f/^nJf- 

^ 1 , 3-M mm - mm 

3, 3 --7 I- y 7 .r -. t ; 
1^ 1 , 2-v^--n h*^- 1 , 

1, 2, 2-fF7/f;k-;>/7 
1, 2-v^C f>=3f- ^ - 1 , 1 , 

2 , 2 7 hl 7*^k^ ; 7^ 



methyl disilane, a 1,2- diethoxy- 1,1,2,2-tetra 
phenyl disilane, etc. 
These may be used. 



[0 0 2 3] 

■f -V- •>•> :/ >-:}-Jj;0^-co 

fc< £ <b 1 TOJi^/v-ev^ -5., 
(a) fiffl^e>n5 4'iVr^ 

# © % y ^ ji w (a) i'.-^ 



^/H#I^UtS i -o-s 



[0023] 

It contains in the silica precursor of this 

invention at least 1 type or more of the 

above-mentioned alkoxysilane and its one 

hydrolyzed and polycondensed. 

A partial-hydrolysis thing is also contained in a 

hydrolyzate. 

For example, in the case of the alkoxysilane of 
four functionality used for silica precursor (A), 
that by which all four alkoxy does not need to be 
hydrolyzed, for example, only one piece is 
hydrolyzed, one by which two or more pieces 
are hydrolyzed, or these mixtures may exist. 
Moreover, with the polycondensate which it 
contains in silica precursor (A) in this invention, 
the silanol group of the hydrolyzate of silica 
precursor (A) condenses, and it forms a Si-O-Si 
bond. 

All silanol groups do not need to be condensing, 
and although one some silanol groups 
condensed differs from the condensed degree, 
it expresses a mixture etc. 
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[0 0 2 4] [0024] 

»PM«iviI«lPs;f^ In the silica precursor of this invention, the 
^ (1 ) X-m^ti6 4 tm\± alkoxysilane of four functionality expressed with 
Wmmm^wm^mmmmm General formula (1), and 
mmm, rnmmtmmm It is expressed with General formula (2) and/or 
Z>f£MU (■ t -f&xK (2) }3 X (3) the silicon atom originating in the 
U/t. tm ( 3 ) rQM 1 hydrolyzate and a polycondensate, an 
WltfJ X 0'/ * fz it 2 Hitt alkoxysilane bifunctional and/or monofunctional 
(DT)Vti A"- •> >- -? . L. 17 0) property and 

iJ»$$fe jrifs^i-^ii*-r With respect to the sum total with the silicon 
4 f- £ © ft mL *f I .. c , atom originating in the hydrolyzate and a 

Jlxit ( 2 ) & J; £tc\i{ 3 ) polycondensate, the monofunctional and/or 

bifunctional alkoxysilane expressed with 
(4 2 'h'niit'l' (DT ri # ?y Genera) formu | a (2) and/or (3) and 

mmmmmmm^mm^mm it is 1 to 50 moi % 0 f moiar ratio of the silicon 

Wmmmmmmmmmmm atom originating in the hydrolyzate and a 

it/}* I ~ 5 0 x-A-'Xre^o r £ polycondensate. 

I ; i»:*t : #?v t»a# It is characterized by the above-mentioned (it 

V^^Mm<DMmmm calls an alkoxysilane and its hydrolyzate, and a 

WM®m%7W**V : ¥9 um polycondensate an alkoxysilane etc. hereafter). 

mm-m „ tm l> < a 5 - 3 0 Preferably it is 5 to 30 mol %, more preferably it 

*«v ^tl l <;i l o ~ is 10 to 30 mol %. 

3 0 3 „ l fiitt^ Since the mechanical strength of a thin film will 

2 Mt'-kcST/i^ fall if the dielectric constant of a thin film does 

m^m ^mmmmmmm not fall and it exceeds 50 mol % on the other 

ft ]^ % * m ™t®® a) & hand if the silicon atom originating in 

mMm^mmmmm^m monofunctional property, a bifunctional 

mmmmk mmmmmm alkoxysilane, etc. is less than 1 mol % it is not 

•&)£j>m rLXL£ 5 <DX-:m desirable. 

[0 0 2 5] [0025] 

mmmmmmmm, mm^k Although the alkoxysilane of trifunctional 
<DCf jvzx Sri/i/y^Z^s £ ft- property can also be used instead of using 
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'KM: 



!> (3 3 Mfli w / /Hn monofunctional property and a bifunctional 

wmmmmmmmmmmmm alkoxysilane in this invention, it is desirable to 
ft' IililillilSi use monofunctional property and a bifunctional 
ilftJilWPiill alkoxysilane from a point of the mechanical 
v" vy&ni^ SSmmmmm strength of a thin film. 

t V ^|gP^-ett±ffi<7>J; 5 (o Controlling the silica precursor as mentioned 
V mmmmmmmmm:, above in this invention, and the specific organic 
WWIllilii polymer which it mentions later and the porous 
mizmm^ mmm&mmZ silica thin film which a dielectric constant is 
immmm^m< s remarkably low, and a modulus is high, and a 
vx //;,",< s degradation gassing furthermore likes with 

I^it©t < «^iIi¥JJ combination with an acid and which is not are 
t>Mm»3 ibth&: 6 obtained. 

10 0 2 6] [0026] 

mmmmmmmmm^m It can express the content of the silica precursor 

in the application composition of this invention 

IMtElIffli;; : li as total-solid concentration. 

T% mm : Wmt -tmmmm It is based on the film thickness of the insulating 

mmvmmz hX mmmm thin film which it makes into the objective so that 

mm 2 ~ 3 0 mK%t>W£ L it may mention later, and as for total-solid 

< > lK<f:tiMim:.bMti& 0 Ik concentration, 2 to 30 weight% is desirable, and 

te^mm fr&mmmW'?^ superior also in storage stability. 

(M-Mm. ^IKii -IP Next, it demonstrates organic polymer (B) in 

mmmmm^ -tmmmm this invention. 

mXV-v-a;) oh. -fuy'j-n It demonstrates a block copolymer among the 
•m ■ Wteoi *mw& : %>. M organic polymers which can be first used by this 

invention. 

O ^mmmmt & ^*mmm& When converting this organic polymer into a 
m»mmm*zmmm silica thin film with a porous coating film by the 

heat baking processing which is mentioned 
^mmmmmm^mmm later, the thermal decomposition temperature is 
mmmmmmmmm, mmM low, and a compatibility with the silica precursor 
&Mmmm2mWmm® and a silica is the moderately good block 

y S,, n ^ ]J /n c °P 0| y mer whic h is linear or branch 2 elements 

&mM& 1 ~8 <D\tmW&J:tf or more, a block part is the organic polymer 
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i|£<W#-t/ ^W^r Sy^MW^ which makes a repeating unit a C1-8 linear and 
t i~ 6 M V ■# — annular oxyalkylene group. 



, M7vy?=itfy-?~ it includes 60 weight % or more of this 
mmm W®MW^ ; mmm block-copolymer unit in one polymer chain 



[ 0 0 2 7] 



a J; t>* •> y ti t mMfti&M 



"C\ U i'> h It M i/if t : tf til-: 



V 



[0027] 

Here, the block copolymer which a compatibility 
uses by this invention moderately as it is good 
says one has good affinity with the silica 
precursor and a silica. 

Moderately, the phase-separation state 
between the silica precursor and a polymer is 
controlled for both affinity as it is good, when a 
block copolymer is extracted from a silica in a 
subsequent process and a porous substance is 
formed, there is no hole With a pore size large or 
extremely small, and a pore size becomes 
uniform, therefore, the surface smooth property 
of the obtained thin film improves more. 
Moreover, it also becomes higher a mechanical 
strength. 



[0 0 2 8 ] [0028] 

m<m-fu W&mM&t As a detailed block copolymer, a polyether block 

t>«- m$&&mrmM* copolymer like a block copolymer and the 

mmmm^m^mmmm ternary block copolymer polyethyleneglycol 

y$y^--f-u>yyzi-,u-4^)-/ polypropylene glycol polyethyleneglycol, 

^ :3-/vv> kot£2 7C polypropylene glycol polyethyleneglycol 

7py^^'ij 7 ^ £ !r $ polypropylene glycol, polyethyleneglycol 

V -K-f- uy/ d zt _ /M? y /u p0 |y buty | ene glycol polyethyleneglycol, etc. are 

rv> ^ y •= V^f- U > still more nearly linear of 2 element like 

y rr • ,, K A i y -/ r7 lf u ^ r polyethyleneglycol polypropylene glycol and 

P^Htef^l/>|f : ^ polyethyleneglycol polybutylene glycol is 

/^Kr/nK»yy,- /K mentioned. 
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y*p y ^ ^ # y -7— (7) J: 5 & 

LI :u- -7/v/n . y ^ n >jf i; v _ 



[0 0 2 9] 

r 0 j - , y-y ± p —jv s ; y * 
y I- - : : ^ocy x y h — 

hoypft < tS: 3 ot ?xy -r— 

9 %P ft < : i 1 3 O^ivyp 5/ y 

f^lK^if y ir n y at 

1/ >■ '/ V : i — /M? y y° u t° 



[0029] 

Furthermore, it is desirable that at least three of 
the structure which at least 3 of the hydroxyl 
groups contained in the sugar chain 
represented by a glycerol, an erythritol, a 
pentaerythritol, pentitol, the pentose, the hexitol, 
the hexose, the heptose, etc. and a polymer 
chain connected and/or the hydroxyl group 
contained in a hydroxyl acid, and carboxyl 
groups are the structure which the 
block-copolymer strand connected. 
Specifically branched glycerol 

polyethyleneglycol polypropylene glycol, 
erythritol polyethyleneglycol polypropylene 
glycol polyethyleneglycol, etc. are contained. 



yy y -i--/k . ^ y x y 

^y .-c^ y =i—/Vtf y y* 

[0 0 3 0] 



[0030] 



±lidwMfm^-e i b>rgi/ >S £ t As a detailed example of the sugar chain which 



^mmmmmmmmt^ can be used also other than the 

y/Hf, ??.y-- h above-mentioned sugar chain, sorbitol, a 

dr->y h-/K h mannitol, a xylitol, a threitol, a maltitol, the 

^#*Siv : #lt:| arabitol, lactitol, an adonitol, a cellobitol, the 

H-/K T K— N glucose, the fructose, the sucrose, a lactose, 

\ tot'"F-/K the mannose, the galactose, an erythrose, the 
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^ dextrose, the gluco heptose, etc. are 



xylulose, an allulose, the ribose, sorbose, the 
7^ HUJ—z> s xylose, the arabinose, the isomaltose, a 

ilI^Sifl*#ll* mentioned 

*^y/M<— * % ^i/p--x s Moreover, as a detailed example of a hydroxyl 

r^fcV-x^y^r— * % acid, a citric acid, malic acid, tartaric acid, 

mm*. ■% m mm. :mmm&m gluconic acid, glucuronic acid, a gluco heptonic 

acid, gluco octanoic acid, a threonine acid, the 

9 1 saccharic acid, a galactonic acid, the galactaric 

mmm^m, t> : m, m acid, the galacturonic acid, the glyceric acid, 

mm, Wjm wm<, »y . e > hydroxysuccinic acid, etc. are mentioned. 



[0 0 3 1 ] 

mmmxm.s mi 



(ft \c lizK y t^^xf ^yy r> 

SfrSp V'.r.-/- L.->.^' A--' i-- ->- 
# y 'A: ^ri/-f\i\f V i| jf . 1/ 

>' '/ rJ tVy -t-f 7VU.--r- — 7 -/K 

>K y # # .■!/«'.# r /' y /i> 



[0031] 

Furthermore, it can also use linear that it is 
higher aliphatic / alkylene-oxide block 
copolymer which carried out the addition 
polymerization of the alkylene oxide to the 
aliphatic higher alcohol in this invention. 
A polyoxyethylene lauryl ether, a 
polyoxypropylene lauryl ether, polyoxyethylene 
oleyl ether, polyoxypropylene oleyl ether, 
polyoxyethylene cetyl ether, polyoxypropylene 
cetyl ether, polyoxyethylene stearyl ether, 
polyoxypropylene stearyl ether, etc. go up 
specifically. 
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[0 0 3 2] [0032] 

si® / n -y $ : i ;K i; v - - 132 Although the above-mentioned block-copolymer 
mmmMMmiimmm terminal group in particular is not limited, it is 
S»l«IBIlill desirable that they are a linear and an annular 
mm^^Mmm^mmmmm alkyl-ether group, an alkylester group, an 
7>u*/u:r* K;J,^ alkylamide group, an alkyl carbonate group, a 
T>v-\jv-Jj-aL^- y& •> u urethane group, and the group by which 
$ ,tXfh V 7/U-\->u-yy trialkylsilyl group modification was carried out at 
/PMM&Sfatz )&'ChZ> t #s the beginning of a hydroxyl group. 
W^ ^\ :mmmmmmmmm If 1 weight % or more of quantity of the block 
'i'o/u - y p ;<>K !J -v-f/.)!,!- copolymer in the application composition of this 
it, mmm&^m^mm?mm invention is contained to the polymer whole 
m^immmmmm^-mm quantity including organic polymers except for 
tiw V v- L C 1 1 the block copolymer which it describes below, 

W'/oU±:f;ttiZ> <b;V *3£9f] © the hygroscopic property of the porous silica 
«w-of fcS^dfLfliv-y^ thin film which is one of the effects of this 
II©IllIlb <iD^ invention will be controlled remarkably and a 
fi, f MXi&\, HHil very low dielectric constant will be attained. 
f&#tl&„ 1 'IM'/o^^j-Cfo^ The effect of this invention does not express 

*^§S <®^3^»^^ : M that it is less than 1 weight%. 
V-V t^lii L.J/^#iii3-5i A more preferable content is 5 weight % or 

w%m-t-m& 0 , -mmmLr more. 

< U 1 0S:fi%^ hi?fe<5 0 Furthermore, preferably it is 10 weight % or 

more. 

[0 0 3 3] [0033] 

I, ^m^'ioWmm The organic polymer used in this invention is 

>Jf y - 7 - s J; m '/ uy^zj 7 K more effective in the polymer which it contains 

V ^ -BW-it , ^MtS fri%> M V in addition to the above-mentioned block 

•7- $m W M^m^m®M£ M copolymer being [ at least 1 terminal group of a 

ife^«8»tf#il polymer terminal group ] a polymer which has a 

mm^mmmimmmm chemically inactive group to the silica precursor 

<Wj"')-£>j; y v- X*foZ>t.t <9 That is, by using this polymer together with a 

m§k '<: £t % 0 K|] o)-,\l \) v block copolymer, an organic polymer is more 
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P y ^37Ky v-irfifilJ easily removed from a silica / organic polymer 

1~S i ii&M 9\ y -Jj/ ftm composite-body thin film. 

W&mmM0MBM^>^mmM At least 1 terminal group of the polymer terminal 

ymmmmmmmimmmm group which can be used for this invention 

So demonstrates below the polymer which has a 

sS^Miyi? y wmmmmmm chemically inactive group to the silica precursor 



[0 0 3 4] 

tmmm^v T-tMi it 

fis 1 ~ 8 © jfifip v 

^ m m m w. wm m 

^>t?, /-Ky .t.xvvk ;]f y jj — 

A'<-Y-— K /K y ?' > / N-f K 9 4 
X V tf.VT , X V T i;. V j^Wl, 

ft') TV y /^x^fyu^ ^ y 

f$zc nmm, $ y -7 7 y ,ut- 5 

7 y h y/u s ;Ky 
—r/K X V v^;yfr h y s M 
5 XV tV-zKTi^r/K 

y tr =. jwr A, 3 — Tjf y •> s p 



[0034] 

As a suitable polymer terminal group, a 
branched and annular C1-8 linear and 
alkyl-ether group, an alkylester group and an 
alkylamide group, and an alkyl carbonate group 
are mentioned. 

And the principal chain skeletal structure of a 
polymer is not limited specially. 
However, they are a polyether, polyester, and a 
polycarbonate as an example, a polyanthus 
hydride, polyamide, a polyurethane, a polyurea, 
a polyacrylic acid, polyacrylic acid, a 
polymethacrylic acid, a polymethacrylic acid 
ester, a polyacrylamide, a polymethacryl amido, 
polyacrylonitrile, poly methacrylonitrile, 
polyolefin, a polydien, a polyvinyl ether, a 
polyvinyl ketone, a polyvinyl amido, a polyvinyl 
amine, polyvinyl ester, poly vinyl alcohol, 
polyhalogenated the vinyl, a polyhalogenated 
vinylidene, polystyrene, a polysiloxane, 
polysulfide, a polysulfone, a poly imine, a 
polyimide, a cellulose and 
The main polymers which it has as a structural 
component are mentioned in these derivative. 
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So 



[ 0 0 3 5 J [0035] 

^ ft t> co jfr JJ -7— <D« M T? It is sufficient to use the copolymer of the 

<fc -5 * y -e- - £ 9 Leo jt if monomers which are the structural units of 

^tOl&Wft.B^ / 1 these polymers, and a copolymer with other 

co if( (fc k Mm C t, ,t V \, £ monomers as desired. 

Mltefciiiify Moreover, an organic polymer may use 2 or 

mmW!k & [)\)\\ L X {-> X t \, L more types together also a 1 type. 

Wmgm^mmmmmm One is suitably used among the 

^ S hfrb%) i->(D ItMBMfc i ' .t above-mentioned polymer, it loses by heat 

-CTiVk WmMmMd JdffHt^} baking processing and converts into a porous 

IzftU^fa-pZ, flgMii^^ ]) silicon oxide easily, they are the main polymers 

m^mn>^ IKIIS^g which it has as a structural component about an 

mWhmV jJ-tf*- K )m aliphatic polyether, aliphatic polyester, aliphatic 

My7W K y 4 K & -i • & polycarbonate, and aliphatic polyanthus 

5<b >t? y -y—-c hydride. 



[0 0 3 6] [0036] 

h iit! >K V - - >nl 1 ^Ef» -e i "C There may exist the above-mentioned polymer 

mmm®mm ; >mmmmm independently or mixing of two or more 

o X t> J; V \> £ fz M : y -co.!-: polymers is sufficient as it. 

iftlk M Ijl J CO 9J1 M £ ft} & h ft Moreover, the principal chain of a polymer is the 

N $&BJT\ IMVkfttDW&frB. range which does not impair the effect of this 

•9 M L W& £ *j'T Z, >tf y ■? ■ m invention, and may contain the polymer chain 

&*&&m/*% :h <£ M%. mmmrn which has repeating units as desired except for 

ffi if; i£ >K y -u - • ->-- /i/ (/) f y ij ^ l, the above. 

£W/Ky.^/->>^y n in a principal chain, as an example of the 
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aliphatic polyether of this invention, the at least 

m^mmmMW^m^Wm^ one terminal can mention alkyl ether, an 

m rjm 1 m mmmmmm alkylester, an alkylamide, and one formed into 

mmmmmmmmmmm^mm the alkyl carbonate with the alkylene glycols, 

■ ;K i; -< y $ / •/• u y % y such as polyethyleneglycol, polypropylene 

m -/K /K 'J /^yy #. glycol, polyisobutylene glycol, polytrimethylene 

V-mMW, -y-A--\-y -y>\ glycol, the polytetramethylene glycol, polypenta 

iiiy *y-A-*-t^vtt.y(rynv* methylene glycol, polyhexamethylene glycol, a 

Wy p zi— /ufj-e, ^.-o- ; |-< poly dioxolane, and a poly dioxepane. 

t€«-»ilil^ The group of ether, ester, an amido, and a 
m.r- TJK iV&$>3t carbonate may be carrying out the direct 

Tj\y-\ jvr i K\ Tju\jI chemical bond to the repeating unit of the 

M -t- * • Mb & h tz i> (O <t- & i i" 6 polymer terminal, and even if it has connected 

•I £:/^."e£ -u— y-/i^ a-.x together through an organic group, it does not 

'/' 5: f-\ ^7— H cd care about it. 

W 0 3 7] [0037] 

JIMiSJy y ^- • vvuc/j^iit^ As an example which etherified the terminal 

x-—7-/HtLtcMb LXits .-t group of an aliphatic polyether, one used at 

f£T>v*yy? y n- /U fficD'P least 1 terminal of the above-mentioned 

t£< th^<D5fciQltM x.U / alkylene glycols as ether by for example, methyl 

^/u:r.- - -7- ,1-^, f- /V:v . - - -y )V % ether, ethyl ether, propyl ether, a glycidyl ether, 

:/r.i e.;u-:r.— 7 /1% % y x vvi- etc. is mentioned, specifically 

:r.- ->-/i^ ^-c.i- - ->vi^ t Lt' For example, polyethyleneglycol mono methyl 

&mmmmk mmmmm ■ ether, polyethylene glycol-di methyl ether, 

x. !i\ #? y :r. f • > y y ^ -/u polypropylene glycol-di methyl ether, 

-c / ^ 5vb.-r.--y-,K /K y --T. f- polyisobutylene glycol-di methyl ether, 

y y >/ y ^- ;i-y/ -7- ;y m - -7- polyethylene glycol-di ethyl ether, 

/K y t° y y y . =t-yi> polyethyleneglycol mono ethyl ether! 

§? ^ Tvi^c - ,k y y y polyethyleneglycol dibutyl ether, a 

-J- U> 0 y :.i -;U y- / -Tvict - polyethyleneglycol monobutyl ether, a 

XV :r.-l y y y \) m -,v polyethyleneglycol diglycidyl ether, polyethylene 
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raw* > M . 



f/kn-y/K ;J?y .-J1-/-U polypropylene glycol-di methyl ether, glycerol 

i^y polyethyleneglycol tri methyl ether, 

m-mm^m^Wmm»mm pentaerythritol polyethylene "GREEL" tetra 

Wmmm^rTm^mmmmmm methyl ether, pentitol polyethyleneglycol penta 

y n^yy^x-^ methyl ether, sorbitol polyethyleneglycol hexa 

;K tfy^u^ya-zi^ methyl ether etc. are used especially 

Wm^m^mtm^mmm. preferable. 

i-yyf* y -yti k°ix^^ wsmm 

h — yU-Tjf y :nf u >-^y --/l^v- 
h V / 1 )V:w- ••> ;i< s ^ -/• f> 
— *7}> ; :y a- ^ k^ijd%/i^ 

— 'J jr- f - L->^/y .--r—y^ 



/ 

/ 



( 0 0 3 8 ] [0038] 

mm^^wm^m^mmm As aliphatic polyethers which have ester group 
>Ky ^- --/-/Mic 1 : LTJi, MM in the terminal, one made at least 1 terminal of 
T/U* isyfV-i -/umoypts: the above-mentioned alkylene glycols an 
< t h-^WM^ZMx.^ ffi acetate ester, propionic-acid ester, acrylate, a 
m-X-r ^ Wmmmgzm methacrylic ester, and benzoate is mentioned. 
y/K 7'J y/^^7v 7 -/K / Moreover, carboxy a methyl etherifies the 
Wmmm^mm^mmm terminal of the alkylene glycols one 
^r/^Lfci^^lif alkylester-ized the carboxyl group of this 
3:7c, /'/PA-uy^/y terminal is also used suitably 

w : )vm^ tmva^ m@m$m> 



I 0 0 3 9 ] [0039] 
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miWk MV W& : x*. They are a polyethyleneglycol mono acetate 

W f mm /u-t y fit: ^ n- -a -r ester and a polyethylene glycol di-acetate 

;V, yt'V ^U^W =i—jui? specifically, for example, a polypropylene glycol 

Btllliiailil&i mono acetate ester, a polypropylene glycol 

mmmmm:mmmmmm di-acetate, polyethylene glycol-di benzoate, 

Wm^mmmmmmsm^m polyethyleneglycol di-acrylic-acid ester, a 

mmmmm^ MmMmUmm polyethyleneglycol mono methacrylic ester, 

a^^ilfiii^gf polyethyleneglycol dimethacrylic-acid ester, 

V --r -^uy >/ y -7 - - .i-y j >; y polyethyleneglycol bis carboxy methyl ether di 

/^.t x-7- /K y .-r. -7- $ >- 7 m ethyl ester, polypropylene glycol bis carboxy 

fe-W^:£Jl;feiE^ methyl ether di methyl ester, a glycerol 

7-/1/ >K y u^;/y polyethyleneglycol tri acetate ester, a 

y /Wt.-t x -7/K ,-Ky pentaerythritol polyethyleneglycol tetra acetate 

mm^W#y^mw0nmmM ester, a pentitol polyethyleneglycol penta 

3r 7/W*-7/i^77vV;t acetate ester, a sorbitol polyethyleneglycol hexa 

* tvK ;.K'J :/p h°ixy^y n acetate ester, etc. are mentioned as a desirable 

— /i>h'.x • example. 
T friz J fvi^X-TvK i/ y -fe 

y y : m^^mmmm^-^ 

WiMm^rm s<y$.-rL y x 
F - y ^ u > ^ y :j — 

* y ->- % 7- /u 4' <g« J; L - 



[ 0 0 4 0 ] [0040] 

mmmm:Pmm%mmmm&. As aliphatic polyethers which have an amide 

-7-/uf(^ L tfJ:, IfE© group in the terminal, carboxy a methyl 

77M^^y r'-imov^fc etherifies at least 1 terminal of the 

i th—^orM^lj /v /if i/ above-mentioned alkylene glycols, the method 

tmm-^B-mm^Mm&ik of amidating, after carrying out amino-group 

e / 5 W&ir &M& V. Ku-V- modification of the method and hydroxy terminal 

mmmmmMmmmtemmZ which it amidates after it etc. is mentioned, 
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?? " ^^^^ specifically, it is polyethyleneglycol bis (carboxy 

W^m^W&^mm^WW&m methyl ether di methyl amido), polypropylene 

vy'/\)-i—,v y: x ;J< % glycol bis (carboxy methyl ether di methyl 

MZmm&^mmmwmmm amido), polyethyleneglycol bis (carboxy methyl 

m.mm^mf'mmmmmw ether di ethyl amido), glycerol 

mmmwmmvttmmmMm polyethyleneglycol tri carboxy methyl ether di 

Ay/^^TZ K) , WmmmM methyl amido, pentaerythritol 

y//\) Z2~jv\r:x {-fi/v^'y polyethyleneglycol tetra carboxy methyl ether di 



^ — 7" /U i> rr. 



methyl amido, a pentitol polyethyleneglycol 
K) ' ± }J ^y ^^y ? penta carboxy methyl ether di methyl amido, a 
\) h y^mmmmw^/ls sorbitol polyethyleneglycol hexa carboxy methyl 

^-—'riW j- 5 K, ether di methyl amido, etc. are used suitably. 



:j - - 



h? h - -yw jK V -T- ^ y 3 ^ 

[0 04 1] [0041] 

^^••Bi As aliphatic polyethers which have an alkyl 

carbonate group in the terminal, the method of 

L-Ctt, fill (1 linflT A^-V-y attaching formyl ester group to at least 1 

? y ^-/mo)>vt£ < | % -o terminal of the above-mentioned alkylene 

mm^:^mmmmmym?\m glycols is mentioned, for example, specifically 

%^ttZ))j : &tf?$lfbtl, bis methoxy carbonyloxy polyethyleneglycol, bis 

rxi* I, m^mmmm ethoxycarbonyl oxy polyethyleneglycol, bis 

/M- *i/tfy^-+]/y ;/ y r j - ethoxycarbonyl oxy polypropylene glycol, bis 

/K t'xx ^mm^mmmm tert- butoxy carbonyloxy polyethyleneglycol, etc. 

# y zv.-y- u y % y -, K are mentioned. 

bfX 3- b 3f ^/M^/t'^V' 

iff y -/n tV^^f a--;i, v ; if 
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sii? y ^ l> > ^' y 3 — 

10 0 4 2] [0042] 

&®Kmmzmmmmm%m Furthermore, it can use the aliphatic polyethers 

which modified with the urethane group or the 

mmmm mm^mmmMtm trialkylsilyl group for the terminal. 

?-k&V%* 0 > D7;^;k^ In trialkylsilyl modification, tri methyl silyl 

Vmmm$mm*mtm^ modification is especially preferable, and this 

WmmmmW<:< m*®+ can modify by a tri methyl chlorosilicane, a tri 

y /f/^aoV7^f y ^ methyl chloro silyl acetamide or hexa methyl 

u .7 •> y /L , r- t . r j. r c K disilazane, etc. 

£/r_fi-.dr+M fvPv? v-7 f : > As an example of aliphatic polyester, they are 
^M^^wmmm^ mm the polycondensate of dicarboxylic acid, such 
WmMmmwmm^mm, as the polycondensate of hydroxycarboxylic 

Mvmtmm^mtmmv acid, such as a p0 i y g i y coiide, a 

polycaprolactone, and a poly pivalolactone, the 

W K n * •> & UMm WW ring-opening polymer of lactone and a 

# f> ; ix0P^M^, polyethylene oxalate, a polyethylene succinate, 

fei^y^l/^^f vu a polyethylene adipate, a polyethylene 

K ;]f yxfuyx^ h , sebacate, a polypropylene adipate, and the 

7$y-r.^]/y7'Vs<- k >jf y polyoxy diethylene adipate, and the alkylene 

as •/- u- > ^ - x y y u glycol and the ring-opening copolymer of 

fc° VVT^^- F % /K V #*is epoxide and an acid anhydride, comprised such 

y^f i/y/^- h-^c.)v^7 that it can mention one modified with an 

/^>i^7/^-kyyy :-- alkyl-ether group, an alkylester group, the 

/ ^^ x * alkylamide group, the alkyl carbonate group the 

m :mM$mmmMmm urethane group, and also the trialkylsilyl group 

C ,h o T ; 1 ;K yv-© '> to at least 1 terminal of this polymer 
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fl&Mi&*° y 2/ - h <7>Mt As an example of an aliphatic polycarbonate, it 

fat, i:!W> > LTtf y .->-- can mention polycarbonates, such as a 

tfy^n polyethylene carbonate, a polypropylene 

t'W^->K^- K M» carbonate, a polypenta methylene carbonate, 

* ^ -7- L/>^-^^- h . >K y and a polyhexamethylene carbonate, as 

^^rU ^^i/>^-;t<^- principal chain part, and can mention one 

MV'*~$&- h^rWS r modified at least 1 terminal of this polymer with 

i/^C*. ^yv-wi/^< an alkyl-ether group, an alkylester group, the 

t n o®*S(: 7 /^y^- alkylamide group, the alkyl carbonate group, the 

7-/MSv TVi^/P^yvi^ urethane group, and also the trialkylsilyl group 

• ->j**- • 5 N : ^v ?^ ^t?£ 

l£f3 f> y /'.'L-\-/U'i/y /i-ifi; 
'14 £ i t/r. t> c/) £ r. h fy<v 

[0 0 4 4] [0044] 

Jmmm ■n^^m^-m As an example of an aliphatic polyanthus 
Wt t^m, Wm>kLXtf hydride, it can mention the polycondensate of 
!J I-\ >.Ky r-y dicarboxylic acid, such as a poly malonyl oxide, 

m/m*&K: m» m*m a poly adipoyl oxide, a poly pimeloyl oxide, a 

mym^xm^ poly suberoyl oxide, a poly azelaoyl oxide, and 

* ' y R 7K y ri - 7 ^-^ U: ^"- a Poly sebacoyl oxide, as principal chain part 
m-vmM^mmmmMM and can mention one modified at least 1 

terminal of this polymer with an alkyl-ether 
mm^mm^mmm^ group, an alkylester group, the alkylamide 
(^M^m^mmmmm group, the alkyl carbonate group, the urethane 
-yvuj,^ YA A /V^a group, and also the trialkylsilyl group. 
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[0 0 4 5] [0045] 

mmmm^mmmxW^mm In addition, the alkylene glycol refers to the 
Mc^fc 2HI;(/)7 iv j) yo)\,i] - dihydric alcohol obtained by each replacing two 
&. .kicf/£-fr hydrogen atoms which it has not connected on 

kh'ii ^W%j$7&M the same carbon atom of a C2 or more alkane 
^WMLXUbti?) 2{W7 >v by a hydroxyl group. 

~A?%Wf„ : WfePMMf$%. Moreover, dicarboxylic acid refers to the organic 
k Wmks 0*iv : : a^ acid which has two carboxyl groups, such as 
s ?;vt?,vm, r-S\'°>m, oxalic acid, the malonic acid, a succinic acid, 
Km *'<V ym, 7R the glutaric acid, adipic acid, pimelic acid, 
vjym, \';<y>mt£E0)-)j suberic acid, azelaic acid, and a sebacic acid. 
mm-S/it'M; %M % Moreover, the terminal group of this invention is 
iifc:tt;: : illiig since it is good specially it is compatible in the 
®M»:mffimM t®mmm silica precursor, the branched-polymer way has 
M&M&m* /K V ^-^-MM in the molecule more many terminal groups now 
t:&X%H&%9 -7—1,3. vMft? and is desirable as polymer form. 
MmmmMmMm&Bmm^ If a branched polymer is used, when a 
r. t %M^Wf$ $ hf -i: L 1/ \, 7 ,} compatibility improves, the uniformity of a silica 
H£/1f y 9 <t , -fflMd* / organic polymer composite body will become 

l'"J \rV >o Z t iz X <0\ -y \) j j / still better, as a result, since the surface of a thin 
ffitf V -?—1%ftW<D film improves more, it is more preferable. 

[ 0 0 4 6 ] [0046] 

±Hd^).l; -) tiMvZ&fc !i The polymer with the above terminal groups 

~s~-ir.Z u y';:i ;K ij J; does not care about the structure connected 

9 \L%f,m^t. *i 3 fc K r; * *y with at least three of the hydroxyl groups 

^mmmmm<ih%m^ contained in a sugar chain like a block 

Ir'i ^ I tzW&:% U o r fe MM t> copolymer at all. 

V iz?tY-WMM%?:W* 5H- Moreover, it can also use the organic polymer 

^ fc ^mmgmm which has at least 1 functional group which can 

ti & f-i'1 ' <5 -f fft >K y polymerize in the molecule in this invention. 

V A 5,i i:.#-e% S 0 CL Wct If such a polymer is used, a reason is not 
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[0 0 4 7 ] 



certain, but the strength of a porous thin film 
improves. 



f i» 1 1 h 'S -c i> MiZic h '*> -c 

(lift f c & o -t ,n \, * t- >k y 

SM&D y- l 



l^Tfe, 2fifl:MW hWR-m 



y ^:»8v r y mm, wbb_ 
y s kal y/u 



[0047] 

As a functional group which can polymerize, a 
vinyl group, a vinylidene group, a vinylene 
group, the glycidyl group, an allyl group, an 
acrylate group, a methacrylate group, an 
acrylamide group, the methacrylamide group, a 
carboxyl group, a hydroxyl group, an isocyanate 
group, an amino group, an imino group, a 
halogen group, etc. are mentioned. 
These functional groups may exist in the 
principal chain of a polymer, may exist in the 
terminal, or may exist in the side chain. 
Moreover, it may be carrying out direct coupling 
to the polymer chain, and it is sufficient to 
connect together through spacers, such as the 
alkylene group and an ether group. 
Even if the same polymer molecule has the 
ability machine of a 1 type, it is sufficient to have 
the 2 type or more types of functional group. 
A vinyl group, a vinylidene group, a vinylene 
group, the glycidyl group, an allyl group, an 
acrylate group, a methacrylate group, an 
acrylamide group, and the methacrylamide 
group are suitably used among the functional 
group mentioned above. 



[00 4 8] [0048] 

MhiVJ^-tLxa^-m^ If it is one has at least 1 polymerizable 

^mm^^mmmmmm functional group in a molecular chain as an 

*lftlii-efei::Il organic polymer, they are a polyether and 

" M$@$t polyester as an example, without being limited 
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>}f y b--.^.-r.-->vu\ /1' y \f - 

;Ky fi./L'T ^ % /Ky k-^/u 

y <>:P .^^b fey ^ ?tv;y 
y # k\ ,Ky x/u>j< y , 

>K y -f x >\ ;K y f i K\ 



specially, a polycarbonate, a polyanthus 
hydride, polyamide, a polyurethane, a polyurea, 
a polyacrylic acid, polyacrylic acid, a 
polymethacrylic acid, a. polymethacrylic acid 
ester, a polyacrylamide, a polymethacryl amido, 
polyacrylonitrile, poly methacrylonitrile, 
polyolefin, a polydien, a polyvinyl ether, a 
polyvinyl ketone, a polyvinyl amido, a polyvinyl 
amine, polyvinyl ester, polyvinyl alcohol, 
polyhalogenated vinyl, a polyhalogenated 
vinylidene, polystyrene, a polysiloxane, 
polysulfide, a polysulfone, a poly imine, a 
polyimide, a cellulose, and the main polymers 
which it has as a structural component are 
mentioned in these derivative. 
It is sufficient to use the copolymer of the 
monomers which are the structural units of 
these polymers, and a copolymer with other 
monomers as desired. 

Moreover, an organic polymer may use 2 or 
more types together also a 1 type. 
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mmm$m^®qmmmmz Among the above-mentioned polymers, one 

ffli/^li5t><7)tt7tf y :n— 7 - that is used suitably poly ether, polyester, a 

/K Xy^-A- r; \, s 7Ky^- 7 K polycarbonate, a polyanthus hydride, 

K*K y r^/N-Y Yy4 H\ polyamide, a polyurethane, a polyurea, a 

m:rm:^v:mmm:m^M polyacrylic acid, polyacrylic acid, ' a 
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polymethacrylic acid, a polymethacrylic acid 
ester, a polyacrylamide, a polymethacryl amido, 
a poly vinyl amido, a poly vinyl amine, poly vinyl 
ester, poly vinyl alcohol, a poly imine, a 
polyimide 

Let these be the main structural components. 
Furthermore, when converting into a porous 
silicon oxide by heat baking processing so that 
it may mention later, it is especially preferable to 
use one it has as a structural component, the 
main low aliphatic poly ether, aliphatic polyester, 
aliphatic polycarbonate, and aliphatic 
polyanthus hydride of the thermal 
decomposition temperature 



[0 0 5 0] 

^ fr y ^ -7- h y ^ 5"- 

^ :# > v : -f y y°n t°y ^> , 

2 -^^vu h V 

t , T^dr/U<b G 1 ~ C 8 CD 
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[0050] 

The basic skeleton of an organic polymer which 
has the polymerizable functional group which 
can be used by this invention is still more 
specifically shown. 

In addition, alkylene refers to a methylene, 
ethylene, propylene, a trimethylene, a 
tetramethylene, a pentamethylene, a 
hexamethylene, an isopropylidene, 1,2- 
dimethyl ethylene, and a 2,2-dimethyl 
trimethylene below, an alkyl refers to aryl 
groups, such as an alkyl group of C1-C8 and a 
phenyl group, a tolyl group, and an anisyl group, 
a (meth)acrylate refers to both an acrylate and a 
methacrylate, dicarboxylic acid refers to organic 
acids, such as oxalic acid, the malonic acid, a 
succinic acid, the glutaric acid, adipic acid, 
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^ m*m pimelic acid, suberic acid, azelaic acid, and a 

«^ivi ^mmmm m mm. sebacic acid. 



[0 0 5 1 ] [0051] 

(a ) 7$]) T .n- (a) A polyalkylene-glycol (meth)acrylate, the 

# mm 7? V yhv polyalkylene glycoldi(meth)acrylate, 

T?^ 1/ > ? }) a ~,wy ^ ) polyalkylene-glycol alkyl-ether (meth)acrylate, 

W i^— H >K.U WMM polyalkylene-glycol vinyl ether, 

??y n-/u-7^df/w--c--x/i. polyalkylene-glycol divinyl ether, 

y ix- K ;}f y /- polyalkylene-glycol alkyl-ether vinyl ether, a 

«^^@ ^-«lS^ polyalkylene-glycol glycidyl ether, the aliphatic 

7 /K /K y 7'/w--\-U ^/y :j- • polyether which is represented by a 

*t>$£ t:"_--/Wrc--7vK >K y TA- polyalkylene-glycol diglycidyl ether, the 

^mmymm^i&mm&m polyalkylene-glycol alkyl-ether glycidyl ether, 

W^mmmmmMMMmB etc. and which has in the terminal functional 

W&mm^mmm'mmmm groups which can polymerize, such as an 

-x/K /K y mm. uy y> >) a acrylate group, a methacrylate group, a vinyl 

— ^ v V y v- yvi. - vvK >K group, and the glycidyl group. 

y T/L'dr l^>-^ y :i ~/UT/U^r 

' wmmmimmmmmm 
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m tf VXy°U7'y h > (b) A polycaprolactone (meth)acrylate, 

f ^ y ^7\7°p polycaprolactone vinyl ether, 

polycaprolactone glycidyl ether, 

# :/ p y ^ f> > ^ y _ polycaprolactone vinyl ester, polycaprolactone 

\^m^m^^mtm glycidyl ester, a polycaprolactone vinyl-ester 

^^•^ tK y ^7 y p > (meth)acrylate, a polycaprolactone glycidyl 



a 
a 
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y % V. i^iy/uir. x r /K >tf V i ester (meth)acrylate, polycaprolactone 

;l m M mmmzmmmmite vinyl-ester vinyl ether, polycaprolactone glycidyl 

(J#) 77 y u— K jjf y ij ester vinyl ether, a polycaprolactone vinyl-ester 

Wmmmmmm)- m&mmzm glycidyl ether, the polycaprolactone which has 

* i: (lil ; :fffi«l:l : !) functional groups which can polymerize, such 

■Jj -/ vi 7 '/ \- y ir .- :. Mm x -> /i- as an acrylate group, a methacrylate group, a 

h" ••- jjfe •/- /i^ >j » y # -/ , 7 V j n y| gr0UPi an d the glycidyl group, in the 

f> b>yv v- Pmrn fragment end or both the terminal which are 

>i^^>p"-tf?ij fty vi J t \. represented by the polycaprolactone glycidyl 

tmmm^:mW-^0Wm^ ester glycidyl ether etc. 

— tvK Jvy # -fu y ? h yp 

- HSs p« ^ y ix- hs, tr 

I 0 0 5 3 ] [0053] 

(c) XD-Jj-fv?? byhV (c) The (meth)acrylate of a polycaprolactone 
:4y-;u</) (/ '/) y y y u* • K triol, a di(meth)acrylate, a tri (meth)a cry late, 
v- (X*) T 7 y l/— K b y vinyl ether, the divinyl ether, trivinyl ether, a 

(>*#■) T 7 y V— K V=.;v glycidyl ether, a diglycidyl ether, triglycidyl ether 

^— 7VK i/fc""-/^— 7vu, (d) It is the polymer of dicarboxylic acid and the 

h y t:.-./u.T.-y^/u s i/ty alkylene glycol. 

mm^mk^M^^mMmW'- Aliphatic polyester which has functional groups 

mm mmm^m^mmmm which can polymerize, such as an acrylate 

(d) ^'Jj^7]'<ymtT/U^-U group, a methacrylate group, a vinyl group, and 

th e glycidyl group, in a fragment end or both 

0 > nmmmm^mmmmm^ terminal. 

? y bM, * % # y h 
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( e ) ftMiiltih -5 l rAU<i${' (e) The aliphatic polyalkylene carbonate which 

Y '/ V u— hJ,£ s J y \) \y has functional groups which can polymerize, 

tf~/h& % y y isis/i-M such as an acrylate group, a methacrylate 

*$o> S# i>f\pJri'';UVk<t 1 ->)\fi group, a vinyl group, and the glycidyl group, in a 

MMM V WWM - fragment end or both terminal. 

^ (f) It is the polymer of the dicarboxylic acid 

®:li^pJ||||iiiJi anhydride. 

teVf-Zh, <9 > Mmcy/ V v- The aliphatic polyanthus hydride which has in 

Kfe : I^— f>S, tr'-. the terminal functional groups which can 

f V •> vvL'^^c/) ififtuf polymerize, such as an acrylate group, a 

m^£'b"h!§K^ to/jglU,^:^ y t methacrylate group, a vinyl group, and the 

>"^-f Kv-Y K„ glycidyl group. 

[0 0 5 5] [0055] 

( g ) >K y y V %?. is/P m m (g) Polyacrylic acid and the polymethacrylic acid 
7 £ V I- — K 7jf yr y A- |?< ester which have functional groups, such as a 

y l/- K >Ky vinyl group, the glycidyl group, and an allyl 

(/ 50 TV y fijfi group, in side chain, such as a polyglycidyl 

K: bfcz/i^ jf \) y (meth)acrylate, a polyallyl (meth)acrylate, and a 

V M-i) polyvinyl (meth)acry late, 

r V y mm^m>m t Z (h) The poly cinnamic-acid vinyl, a polyvinyl 

£ y /u t l.-r..xv-/u 0 azide benzal, an epoxy resin, etc. 

( h ) ;K y /Jc^ t';_/u % $ Among these, an aliphatic poly ether, aliphatic 
Wm^mrntM^Zmm^ mm polyester, aliphatic polycarbonate, and aliphatic 
* i/MHs^o Z"ti h © ! f » T' t> , polyanthus hydride with the easy conversion to 

-5 J; ') £ 5 the porous silicon oxide by heat baking 

iilWIilll^iil^ processing which is mentioned later etc. is used 

M % "Cr & 6 Hri /]f y .r. - - -> especially suitably 
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)iXAi^m\ fc/fiV 3 r <b 0)'Q *c it demonstrated the organic polymer which can 
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t. i§l# Jf Mmi^mMMB be used for this invention above. 

Iiv- : fiii^*iilllt However, the molecular weight of an organic 

'C 1 0 0 — 1 0 0 ?J, U polymer is a number average, and is 100-1 

1 L< B 1 0 0-3 0 b\ X 9 million, preferably it is 100-300,000, more 

W t L < '<£ 2 0 0- 5 Jj V h preferably, it is 200-50,000. 

<So ft T it W\ 0 0 J£J. T "C h & If a porous silica thin film with a porosity it is too 

£.v 44'$I.<K I* ^'"^ -XD^./i quick that an organic polymer is removed from a 

W^M y i') l>£& £ li, silica / organic polymer composite body as 

§ Q^M^^Tv M^i'&Js o molecular weight is 100 or less, and is desired 

^^M^Wo fc^^Lt'l- v- 'J # is not obtained and polymer molecular weight 

tfiM/fWhhtc^^ L, ;K !J v - • exceeds 1 million, the speed from which a 

£f-f i 0 0 7J£Mx. <S <i: s polymer is removed is too slow shortly, and 

^ IX f :~ >, ! ' y ' - • /i MtjU ^ n 6 if since a polymer remains, it is not desirable. 

Ji^ig-f £'~C\ *° 'J Particularly the molecular weight of a more 

1--5</>-e#7-~K U < ::^ V V Wi&s preferable polymer is 200-50,000. 

TVMm V In this case, a porous silica thin film with a high 

!i 2 0 0 — 5 TJX'h l ) ; E porosity which it is low temperature and is 

•ft ! d { i , (£ fa T? » o fel p ! @f desired for a short time is obtained very easily. 

^^&<&^fcflRfc >@Mi^W&*> What should be observed here, the size of the 

y »iffli## porosity of a porous silica, it is uniform very 

^M^&tbth&o ^'iC^il't small for being seldom dependent on the 

<<t'-£ £13:, ^■fLt*->y #<73:^ molecular weight of a polymer. 
*U>A-£ £fi> /If y '^©.^1: 

So 

[0 0 5 7] [0057] 

4: $ "CJIJ V ^ y" p * # :j ,K y The molecular weight of each block of a block 

^^©#f p : y^:®tfiil copolymer which it uses by this invention is 

0 0-1 0 77, fiJ'X L< W 1 0 100-100,000, preferably it is 100-50,000, more 

0 ~ 5 7J V ct tlll <i:2| preferably, it is 200-20,000. 

Q ~Zm^® : %> 6 Ifli l^ 100 or less and 100,000 or more, since a 

0 R F "C h 1 0 73" W ± "C '£> v v' compatibility with molecular weight moderate 

y fs TiW-fo kM y ^"Ciii/^ between the silica precursor and a polymer 

&HBS8M$(* ;V >WZ&* #?L does not have profit, the mechanical strength of 
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&WwmBMmmW^mmmm a porous silica thin film does not express. 
^MWWi WM^WM&M^M The additional amount of the organic polymer in 
MM *MmWMffiMi^MWM$t: this invention, the preparation whole quantity of 
W&mmmmmmmmm the alkoxysilane which is a starting material is 
mmmmmmmmmmmmm 0.01 to 10 weight-parts to hydrolysis and 1 
M LtzbiBL'fcL X fp h *i 5 p weight-part of siloxane obtained by assuming 
-V- V >' 1 M 1 ffl L 0 . 0 1 that it carried out the condensing reaction, 
~ 1 0 iftlii:^ L < ii 0 . preferably it is 0.05 to 5 weight-parts, 

0 5 ~ 5 fB; 1 U , £ o ! ' £| t. I furthermore, preferably it is 0.5 to 3 
<te0. 5~3 iri!,!:;f|5-C*)6 0 weight-parts. 

fi'» y 3*> ftp o . 0 If there are few additional amounts of an 

1 JlfigR £ y &j£V*k #f organic polymer than 0.01 weight-parts, a 
Mt>ti1\ i; /r. l 0 i|V liUfli <fc <9 porous substance will not be obtained, and 
^ < T I 'BMffiMfflfM even if [ than 10 weight-parts ] more, the porous 
W$ ^®mmy;M®%miA, silica which has sufficient mechanical strength 

is not obtained, but it is lacking in practicability. 
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m, Wm^^m^pmtmm In addition, the SiOR 1 group of General formula 

$mmmm®mm%mm (1)-(3) is hydrolyzed 100%, and the preparation 

L fz t £ L T We % <5 n =\r whole quantity of an alkoxysilane constitutes 

fi— iS'St ( J ) ~ (3) hydrolysis and siloxane obtained by assuming 

<®M i OR 1 1^10 0:%^* that it carried out the condensing reaction to 

6-mtStiXS i OHK.ftO, £ SiOH, furthermore, it says what condensed 

\ 0 0 %W\it L X is n --Y- ® 1 00% and became the siloxane structure. 

^ffifjul^te<>tck0& \j :> 0 ^ Next, it demonstrates solvent (C) which can be 

(SislieiiSa^ 1 6 used for this invention. 

frM (C) K'ovvc ( $i!Jj~j-,f Ju it dissolves or disperses solvent (C) which can 

pBS WB ffl^S Ci "C t S ^ be used for this invention to at least 1 type of 

W (C) f±; .7/l>=*~/i^if$k solvent chosen from the group of alcohol' 

^f^iiE7>:K solvent, a ketone solvent, the amido type 

£tf^Xir jvm&m<DMJ)> solvent, and ester solvent. 



mmmmmmmmm®:. 
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Y/i-^—zu^m^tL. Here, as alcohol solvent, they are methanol, 
TU, H $ / — /K -t. # y — ethanol, and n-. Propanol, i- propanol, n- 
n- "/o 'V-/K i -mm/m butanol, i-butanol, a sec-butanol, t- butanol, n- 

-ti£ pentanol, i- pentanol, 2-methyl butanol, 
c -T^y— /K t sec-pentanol, t- pentanol, 3-methoxy butanol, n- 
n --i>-y y-/K hexanol, 2-methyl pentanol, a sec-hexanol, the 
i-^<^y-/K 2-/^/V'/ diethyl butanol, a sec-heptanol, a heptanol -3, 
* y — /Uv se G --?V#y ~ n- octanol, the diethyl hexanol, sec-octanol, a n 
t-^^^ /^K 3 -> h nonyl alcohol, the 2,6- dimethyl heptanol -4, n- 
y—/K n-^^rf-y— decanol, a sec-undecyl alcohol, trimethyl nonyl 
A\ 2-y-7vi--<y y ./--/K s alcohol, sec-tetradecyl alcohol, sec-heptadecyl 
e c -^X-f y 2 alcohol, a phenol, a cyclohexanol, a methyl 
7 9 ; ->v^ s e c y ~r cyclohexanol, 3,3,5-trimethyl cyclohexanol, 

/K 3 v n mono alcohol solvent, such as benzyl alcohol 

^ y-^v 2-T-^vV^dr-i>y - and diacetone alcohol, and an ethylene glycol, 
/K s e c-?i-y* y-/K n - a 1,2- propylene glycol, 1,3- butylene glycol, 
y -/W/'^m-zk 2, 6-vy pentanediol [ - 2, 4 diethyl hexanediol-1,3, 
W ^7-^y-/W-4 s n-x* diethylene glycol, ] - 2,4,2-methyl pentanediol - 

■ s e e - ty^mmmm 2, 4, hexanediol - 2, 5, heptane diol 
-< »; h y y »y --/PT/u Polyhydric-alcohol type solvent, such as a 

dipropylene glycol, a triethyleneglycol, and a tri 
propylene glycol, and an ethylene glycol 
monomethyl ether, an ethylene glycol 
monoethyl ether, ethylene-glycol mono 
^f/-/K 3 , 3 , 5 - b y propylether, an ethylene glycol monobutyl ether, 
y 5vu -> y n *n -\- -y- y ^ ethylene-glycol monohexyl ether, an ethylene 
^v"yUT/P=i-/K PT-t by glycol monophenyl ether, an ethylene-glycol 
7^=* /T)V^- mono- diethyl butyl ether, diethylene glycol 

mmmm^mmmmmmmm. monomethyl ether, a diethylene glycol 
=>-/K 1, 2-7"ut°uyyy monoethyl ether, diethylene glycol mono 
=»-/K 1 , 3- y^-l/^y y n propylether, a diethylene glycol monobutyl 
-A\ ^^^y^ ^"-^-2, ether, diethylene glycol monohexyl ether, a 

4, 2 -y ?-.A*<># propylene glycol monomethyl ether, a 
-2, 4 s /u-2, propylene-glycol momoethyl ether, 

5, ^-/9"yV~jr~,v- 2, 4, propylene-glycol mono propylether, a 
2 - ocj^i,^ %^l/-y-£~;V- propylene-glycol monobutyl ether, it can 



s c c -t V yf iz/VT 
/I--'' — yu-, s e c -^s 

T/I^n — /l^ 77 m y — ,K 

f '■•^-•y-y — /k y -T-^*yv n 
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^ y ^ — /I^t 7 y & .n/Ixa: — x 

■■]>. i/ py ^ -M^^i^x 



mention polyhydric-alcohol partial ether 
solvents, such as dipropylene-glycol 
monomethyl ether, a dipropylene-glycol 
momoethyl ether, and dipropylene-glycol mono 
propylether, etc. 

Such alcohol solvent may use simultaneously 
one sort or 2 or more types. 
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Z.thh7/V-i--;v<Do -h, n- N- propanol among these alcohol, i- propanol, 
:/n/NV"/L^ i --/ij /n/-- n- butanol, i- butanol, a sec-butanol, t- butanol, 
A\ n-"7^y— /u s n- pentanol, i- pentanol, 2-methyl butanol, 

— /K sec -y'^y— yu, t - sec-pentanol, t- pentanol, 3-methoxy butanol, n- 
:/ 9 / -/K n --< v y. / —ju, hexanol, 2-methyl pentanol, a sec-hexanol, the 
i -'<y-9 j--;u s 2-/-f-;i7' diethyl butanol, a propylene glycol monomethyl 
? I - -/K sec -^-yy / - ether, a propylene-glycol momoethyl ether, 
/K t-^;^ v 3.^ propylene-glycol mono propylether, a 
~Vv/.y ./- -/I., n-— -V ji- /• • propylene-glycol monobutyl ether, etc. are 
M s 2-y-T^^yy /- jv, desirable. 

s e c-^**y /-/K 2-mm As a ketone solvent, they are acetone, methyl 
mm- y y u \fyyy'\) ethyl ketone, and a methyl- n- propyl ketone, 
m^i/mm^mm^mmM methyl- n- butyl ketone, diethyl ketone, 
WWm:.Wmmmmmm methyl- i- butyl ketone, a methyl- n- pentyl 
:/r/ \:'i-y//>) .-x- • ketone, an ethyl-n- butyl ketone, a methyl- n- 
/i-T.-y/ii fVL'.-u— 7 hexyl ketone, a di- i- butyl ketone, a trimethyl 

:t? isy $ y a — jv^- / -J^jpst nonanone, cyclohexanone, 2-hexanone, a 

- ••>'vi'/ ( :< l -7^///-J; Li/\ by methylcyclohexanone, a 2,4- pentane dione, an 
KM^t L> Tfi % Tir f- >\ y acetonylacetone, acetylacetone besides being 
•/vu j-. /vu^ I- y y y -7vu- a - an acetophenone, fenchone, etc., 2, 4-hexane 

UVk^ ^ n -y" dione, a 2,4- heptane dione, 3, 5-heptane dione, 
Wm>r : * y\ ^if;^ bm a 2,4- octane dione, a 3,5- octane dione, a 2,4- 
/ i --/ T/i.//- h > % ^ -/- nonane dione, a 3,5- nonane dione, 
^-n-^> -/v^/ ^ ;.,,/- (beta)-diketones, such as 5-methyl-2, 4-hexane 
n-V'-) A"'f by s y-f-;u- n -^ dione, 2,2,6,6-tetramethyl- 3,5- heptane dione, 
^;«eWv ^-i-#^» 1,1,1, and a 5,5,5-hexafluoro -2,4- heptane 
h : W,, K V /- '/-/u/ ;-/ >s $? dione, are mentioned. 

^p-.*-*/^ One kind or 2 or more types may be 

y , /~J-/vyy j y s simultaneously used for these ketone solvents. 

2 , A-^y'/yy-A-y^ r± b 

-ivr^ b y, r -ir \- -?* jy s 
y^.y-7-B yf£ ¥<D\zt\ r± 
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fvWT-k h >\ 2 , 4 -»f 

: 2 : , ,4 

>V 3 , 5 -#W»sgp:^ 
>-> 2, 2, 6, 6-x |>.7^ 

^ fr- 3 , 5 -^T/^v^^-y, 

1 , 1 , 1 , 5 , 5 , 5 

in - 2, 4 -^-y^ >-v^- 

Mtt, lSfoSv>(i2M^± 
&|ffjl$ MUUt\ 

[0 0 6 1 ] [0061] 

7 5 F^^^^ LTti, /fc/i'A As amido type solvent, formamide, N-methyl 

T x K < N- / -J- /V /J-; ;i- A 7' x formamide, a N.N-dimethylformamide, N-ethyl 

N > N-^^MyWvfx formamide, N,N-diethyl formamide, an 

K N N-.xf;i,*/^-/; H\ n, acetamide, N-methyl , acetamide, a 

N-^xfM/VA7; K, 7± N,N-dimethylacetamide, N-ethyl acetamide, a 

h? 5 K N-/7-;uy± hT^ N.N-diethyl acetamide, N-methyl propionamide, 

N-i//-f/uy± \-y N-methyl pyrrolidone, N-formyl morpholine, 

§ K, N-^/hT^ b 7 K\ N-formyl piperidine, N-formyl pyrrolidine, 

N, N-yxf/i^/t h7x K, N-acetyl morpholine, N-acetyl piperidine, 

N-ii^i^fFtg N N-acetyl pyrrolidine, etc. are mentioned. 

-mmmmm^Mm*m-m/m One sort or 2 or more types may be 

WmmSWm W-Wmmmm simultaneously used for the these amido type 

V N - liSlllll solvent. 
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^i^tliiililp^s As ester solvent, they are a diethyl carbonate, 
^^^/--/Jf^— K ^-ft^^i/ an ethylene carbonate, and a propylene 
y, $H£-/n tfk^A carbonate, diethyl carbonate, methyl acetate, 

Wmmmm-m^mmmmm, ethyl acetate, a (gamma)- butyrolactone, a 
v -WMMm^Mmmm (gamma)- valerolactone, a n propyl acetate, an 

WS:M WM^-^MS^mB acetic-acid i-propyl, acetic-acid n- butyl, 
m i - 7' is t /K MM^-W^M acetic-acid i- butyl, acetic-acid sec-butyl, an 
i -y'^/K BM sec acetic-acid n- pentyl, an acetic-acid sec-pentyl, 
^:iin-^^S/t;:ils acetic acid 3-methoxy butyl, methyl acetate 
e c-^y^/K mm 3-X m pentyl, acetic-acid diethyl butyl, an octyl 
P^^mm*Bwmm**r acetate, a benzyl acetate, an acetic-acid 
rnmm-wmmtmt^mmm- cyclohexyl, a methyl acetate cyclohexyl, a n 

nonyl acetate, a methyl acetoacetate, ethyl 
fflmMm*mmmm:W^*m. acetoacetate, an acetic-acid ethylene glycol 
Wm?m%mmm^MM n-y monomethyl ether, an acetic-acid ethylene 
T £ h mm W Wm T ± glycol monoethyl ether, acetic-acid diethylene 
Wm^^Wmmmm^ glycol monomethyl ether, an acetic-acid 
V : '— ./ f;i' i> /■ ji\ diethylene glycol monoethyl ether, an 
mm^-J-i-y'/V .-<-/^c /-.:. acetic-acid diethylene glycol mono- n- butyl 
-f-,i^> y-/^ mm-y-^J-uy ether, an acetic-acid propylene glycol 

monomethyl ether, an acetic-acid 
^jW^Bmmmmfmmmm propylene-glycol momoethyl ether, acetic-acid 
mmmmmmm : ,W^im propylene-glycol mono propylether, an 
■f uy'Z y ^-/wty. n-7" acetic-acid propylene-glycol monobutyl ether, 
^Tvl^-Tvl^ fit^yob^y acetic-acid dipropylene-glycol monomethyl 
m :;-/[..•.{;• ./ ^ -/VU--.1-- --7 ether, an acetic-acid dipropylene-glycol 
>K SfH^n fc'uy^y rx— momoethyl ether, di-acetic-acid glycol, 
./ n : -j- , K « y c , acetic-acid methoxy tri glycol, an 

t° V^yjf y r. / fcVP ethylpropionate, propionic-acid n- butyl, the 
--r— r/K «yn «»H propionic-acid i- amyl, a diethyl oxalate, 
.-n --;u-Tr y -/^-/u.-r.—r/is^ fft. oxalic-acid di- n- butyl, a methyl lactate, an ethyl 
m^^mm^mmm—mm lactate, lactic acid n- butyl, the lactic acid n- 
y -^/^-x/K mm^v"n t" amyl, diethyl malonate, the dimethyl phthalate, 
p^^ a^f ^^i^ diethyl phthalate, etc. are mentioned. 
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•••■■ j> - 



52 



wmmmmmmmmmmmm 

n -y^/K \?~A-ym i - 



5/i 



- n -sm^mM^m 



These ester solvent may use simultaneously 
one sort or 2 or more types. 



[0 0 6 3] [0063] 

&3b\ (C) £ LT % ~f/V In addition, as solvent (C), when alcohol solvent 

- J XXF/ktclt^- and/or ester solvent are used, application 

lillllllllllll properties are good and desirable at the point of 

^mm^mmmmmmmmm^ view that the composition excellent in the 

Wmm^B^MmmmM^m storage stability is obtained. 

UV ><, TO MllEWfi, The application composition of this invention 

(C) contains above-mentioned solvent (C). 



(A) £An^> 



However, when hydrolyzing and/or condensing 
silica precursor (A), it can carry out additional 
adding of the similar solvent. 



M 



[00 6 4] [0064] 

Wmmmmm&mmm^m It is sufficient to add an acid to an application 

LTkiVX, W^mfflb*%> composition in this invention. 

1 1 tA «t> ffoo) li-itm kLX As an example of the acid which can be used by 

v ffifit mm, » ^m, this invention, it can mention inorganic acid, 

h y MV V ym, such as the hydrochloric acid, nitric acid, a 

^BmM^mtemm sulfuric acid, phosphoric acid, a hydrofluoric 

^MWmmmmmi acid, a tripolyphosphoric acid, a phosphonic 

t LTIi, #i|x fl\ gfeg& acid, and. a phosphinic acid. 



# 
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~/ti f A-i/?®^ y^yf^s As an organic acid, they are an acetic acid, a 

*?^M, ^m^Wm^mmm propionic acid, a butanoic acid, and a pentanoic 

W., ir'/ % y^, . / -y y$k, -r acid, for example, hexanoic acid, a heptanoic 

iJ yfik. mm W. U"f* yMi acid, octanoic acid, a nonoic acid, decanoic 

mmm&mm^mmmm acid, an oxalic acid, a maleic acid, 

±^yym. ®k-fm, mm, methylmalonic acid, adipic acid, a sebacic acid, 

% V '% il^filKilli a gallic acid, a butyric acid, a mellitic acid, the 

* 2 arachidonic acid, shikimic acid, diethyl hexanoic 

^rxy yt > y acid, an oleic acid, a stearic acid, a linoleic acid, 

Sy -Ji-Ms V J V4 ym, # V a linolein acid, a salicylic acid, a benzoic acid, 

:p-li/i the p-aminobenzoic acid, p-toluenesulfonic 

&W&k p- h/p.r. y a /i fry acid, a benzenesulfonic acid, a 

m, '<y-Vyys/ifrym. -i: / monochloroacetic acid, a dichloroactic acid, 

?GruSfl&, v^pnftft, h trichloroacetic acid, a trifluoroacetic acid, a 

y tfsgfc, YyyjyA-uffi formic acid, the malonic acid, a sulfonic acid, a 

Bfc *m ^uy§L 'A/ufry phthalic acid, a fumaric acid, a citric acid, 

^ 3- tartaric acid, a succinic acid, isonicotinic acid 

WfiFfc, & It can mention these etc. 

mm -7 ymtt: t k >m 6 T. tm 

10 0 6 5] [0065] 

&tt i Ijf] (O g|5 £- .J t C |£ Moreover, after applying the application solution 

±^M\i LtzWcmt .LTII of this invention on a base plate, a compound 

* iSlfSliiffclli which functions as an acid is also contained. 

& tt^ipli x y fflt-r. The compound which degrades by the heat or 

x r t^B WW: y§l- <•■ x-7- ;U(f) the light specifically like aromatic sulfonate or a 

mm^mmmmmmmm carboxylate, and generates an acid is 

IMiiiilllll mentioned. 

if bti5 0 iilftftl^lis It may use an acid independently or it may use 

2WM h^\)\n\ LX bJ, l/v i 2 or more types together. 

mMmm^mmmmmmM The additional amount of these acid component 

Wk L T f.J: ja -£1x6 —jiTiK ( 1 ) is 1 mol or less to 1 mol of SiOR 1 groups of 

~ (3 ) m s i O R 1 & 1 ^/Hc General formula (1 )-(3) prepared as a starting 

M L 1 K> ki t U < (4 0 . material, preferably 0.1 mol or less is suitable. 

1 -k-jvvx K/i>.ii«i ;'i e^>^ 0 1 -•>:• If more than 1 mol, a deposit will form, the 
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iiliiililllli coating film which is made up of a 
W^MWWM&mM WM&M homogeneous porous silicon oxide may not no 
mmmmmmmmmmtm longer be obtained. 

flil 

I 0 0 6 6 ] [0066] 

U MM^M L IJ/J The application composition of this invention 

#5fi> 4fr^'W-:©T;i'=idr->--7 demonstrated above, with respect to the 

^(gllilililill alkoxysilane of four functionality etc. 

& £Uy%Tcli2 fi'Mffi^) T/u Monofunctional and/or bifunctional 

p •> iy ? y% s % b s 7K 'J alkoxysilane, etc. of a specific amount, 

^—=r >v-/xi y >/ :i ;K y -e— , moreover, it can make remarkably low the 

H t t<Ul^ i>;b-li' 6 r_ (,'. X -> dielectric constant of the porous silica thin film 

X Zti/j > t> Miii £ HZ> is manufactured from it by combining a poly ether 

V block copolymer and an acid. 

< t sa^i:^ flli Although it is not clear about that reason, it 

teMtiMM$%MMMM$M presumes because a silanol group is 

MM WMMMWtffM deactivated the reaction of the silanol group (a 

1" 6 $% V )) WMMM h B •> v 7 silanol group is water absorptive and becomes 

{'y y / — jV^WtM'k the cause by which the dielectric constant of a 

3?k M^BMMMB fi I.. < \M thin film lets it raise remarkably) which is a silica 

Z-tt&b'AWkfrZ)) t ill 1 : : , 2 terminal group which exists in a composite body 

WffeVSkco TjVzi * *y j >y>§ £ or a p 0rous SU bstance, this 1, a bifunctional 

(Dfrtt- £ , ?K y -r. — -/- ,\y-f l7 -y alkoxysilane, etc., etc. by promoting with an 

mMmpm^mmmmmm effect of a polyether block copolymer and an 

MMfmmm€^:m • acid. 

[0 0 6 7] [0067] 

^vm. mmxhmf\ 1th In addition, if desired, it may add component, 

m^mXmm^ymmmmm such as colloidal silica and a surface active 

if W>U%ft%: W.M L X t> X\ ^ agent, for example, and can also add additives 

b*y ^«flM*<9 fcib <^mmm as desired, such as a stabilizer for the 

WkM, MM t (OtiWH'l- £ i'm'j adherence improving agent for raising the 

5 fcfcO^«_LfiiJ, fkm$k photocatalyst generating agent for 
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WMfeB (O ft-ftM Wi i ff £- co f§ photosensitive providing, and adhesiveness 
M&M Mmm^mMmmMB with a base plate, and saving for a long time, to 
iWlilliiiliil the application composition of this invention in 
MmWMM M iWMl ; Si the range which does not impair the meaning of 

this invention. 

[0 0 6 8] [0068] 

mmmmmmmmmmmm Next, it demonstrates the manufacturing 
Jy&H'.H s X$iWt& 0 method of the application composition of this 

vmmm&mmmmmmm invention. 

f£> MM ( 1 ) £ (2) After adding and hydrolyzing water as a 

fcJ^/^/cli— Jt£3£ (.3) a) manufacturing method of the application 

Y;vzi -v- y y y > £• • 1 1 jf§ 1=4 ,i r composition of this invention after preparing the 

I, X { / u jjjggg > M 1 l x" alkoxysilane of General formula (1), General 

y yM \ Ifri M M % t j o fi formula (2), and/or General formula (3) as a 

> V'?~-£ tz BW&M f starting material, and performing a condensing 

;t'C.<t>&i^ U MM ( 1 ) reaction, it may add an organic polymer or the 

^— 1x5^ (2) $3<kXF/~£.frJ£ solvent, and since an organic polymer or the 

MM ( 3 ) ! r. h h fit D4/> N 4\ solvent is added to General formula (1), 

j&P V v~ - £ tcamt^mu t. General formula (2), and/or General formula (3), 

xm*X fct>\ MfiW;. Wfc it is sufficient to perform hydrolysis and a 

nR^iy^X &mi polycondensation reaction to them beforehand. 

[0 06 9] [0069] 

mmmmmm^Mmmmm In this invention, water is necessary for 

v yarmM^M^. W&WM hydrolysis of an alkoxysilane. 

^MW^mmmmmmm As for adding of the water with respect to an 

m^mmmmmmmm^mm alkoxysilane, it is common to add as alcohol 

yWWMmm^mWmMmm with the liquid or an aqueous solution. 
mm However, it is sufficient to add in the form of 

M U <D 1$ X )M ■Z.X.txfrizt? ft water vapor. 

>/ ; >o fcVMkZ&mim o t , If adding of water is performed rapidly, since 

Twm ffttfMilfcii hydrolysis and condensation are too quick and 

X t~itt\:fcftM t mft^mi- tfX may produce precipitation depending on the 

ikML&'ii DSH-fr^fe 5 tc kind of alkoxysilane, it spends sufficient time for 

Mmmm ^ mm^mmMm adding of water, in order to make it homogenize, 
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^%M0$m7mm it lets solvent, such as alcohol, exist together 

mMmmmmm^mmmm It is low temperature and the procedure of 

mmmmmmmmmmmmm adding is used individually or in combination. 

iiiWiiiMli 



[0 0 7 0] [0070] 

A l-l))\\;k<,m, 4' fc It is sufficient to add water to the whole quantity 

ftl £ tc ItmWM f r )]\] x.Xt> X or an intermittence target into hydrolysis and a 
V\ T W m j& i/isyy (± ^ W ft: polycondensation reaction. 
ft>\ MfrftmLX^y/su it hydrolyzes an alkoxysilane in the presence of 
<o , Jfcfc^y / —^&\S]<D water, it becomes a silanol, and grows to the 
H^Mfi ;£ ;.(9 e WMmM^ silica precursor of the form of an oligomer which 
&#1-<5 * V ?i^mmmm$ has a siloxane bond by the condensing reaction 
wmm^msmm mmm between silanol groups next. 
mmmmmmmmmm^m In the application composition of this invention, 
m^mm^mmm^m^ making the alkoxysilane beforehand an 
< (1 ) ■miiim&mM oligomer form, (I) An applied-liquid viscosity 

Wmmm®m<;mmWmm goes up moderately therefore, it can secure the 
lilfllillil -et preservation of a coating film and can make film 
3> ( 2 ) & fc> \z.*y V jj mmfcfr thickness uniform, (2) When the silica precursor 
WWrnmmmt mmmm gelatinizes further, formation of a silica skeleton 
(mmm^^wmmmm:m0 takes place mildly, therefore, membrane 
Wl§§f^.:£ D lt< % ,k <9 contraction does not take place, it is more 
t-^o preferable. 



[0 0 7 !] [0071] 

mmmmmm^mmmmmm In this invention, the temperature when 

liliililSiil hydrolyzing an alkoxysilane is usually 0-150 

mmmmwm® 'CJHL< (degree C), preferably it is 0 - 100 degrees C, 

°~ 1 0 0 3 C % i?)^ L< more preferably it is 0 degree C-50 degree C. 

fi0t-5 0'C:efc5 o 0°C<fc Advance of hydrolysis is not enough if lower 

jmm\mmmmmm>m than 0 degree C, conversely if it exceeds 150 

^•T ; fti^U mci 5 0°CS.-/III degrees C, reaction will advance too much 

m^mmtmmmmmmm rapidly a gelling of a solution happens and is 

mmmmF/kmmmmmmm not desirable. 
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WmZMmimmm^Wmmm The rate of fusing of the silica precursor which it 

®Mumi~*nf)*hZ> -> U % contains in the application composition of this 

mMMMm& mm 1 0 ~9 invention is 10 to 90%, preferably it is 20 to 

°°/°^ L < (J 2 0 ~8 5%, 85%, more preferably, it is 30 to 85%. 

£ "9 L<li3 0~8 5%-e Since above-mentioned (1) and (2) will not be 

fom W&BM i mmMm.%m attained if rate of fusing is lower than 10%, it is 

KiEtf) (1) fej-tf (2 ) not desirable. 

•^WWt t < If rate of fusing exceeds 90%, the application 
& t >„• 9 0 % x. Z whole composition will gelatinize. 

K> 0 7 2 ] [0072] 

m m*mm®mm&mim In addition, the rate of fusing of the silica 

M» y$m$m%miM>M precursor is computed by the measuring 

ftk mm<nmfcmc ± t> UU1£ method similar to, when requiring for the silica 

tt<5„ : 'J:7t, ^lllijjc^' | it/;-/- composition ratio which it mentions later. 

%m^Y$m W®m:&MW Moreover, the content of alkali metals, such as 

llilliililiiy sodium in an application composition and 

5 p p b£i,Ts Hfrlc i Oppb potassium, and iron is 15 or less ppb, it is 

KT'fc 6 r. t tmm<Di£ ]) - desirable from a viewpoint of the low leak 

WMm^m^mm Uv T electric current of a coating film that they are 

mV&mmmmW^ mmt particularly 10 or less ppb. 

§llilHX|«ii It may mix an alkali metal and iron from the raw 

mmmmffimmm < Wmm material to be used. 

'J-v- (R) -fc.fcr/W (C) It is desirable to purify silica precursor (A), 

llllllftiiilll organic polymer (B), solvent (C), etc. by 

ZtfrWk U\, distillation etc. 

10 0 7 3] [00 73] 

mmmmMm:MWmmm It can obtain a silica / organic polymer 

WM»tiiStt composite-body thin film by gelatinizing the 

mffim M&Mmm#:®m silica precursor in the obtained coating film, 

mmm&mvm&mzmzm using the application composition obtained by 

£ o rc , / ftmtf Vf^ making it above in this invention as an applied 

<mmm%m&zmmm% liquid. 
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GV- WT; WWwriWtiBMIM It demonstrates the method of carrying out the 
&WMLXM%%W$3j$x, & coating film of the application composition of 
<fc WMMM&liM L XU&WW this invention, and obtaining a thin film 
ti&kirZ jj^ hereafter, and the method of gelatinizing a thin 

Bfr V -B: film and making it into a composite-body thin 

mmmmm^: mtimzmmm film, and the method of removing an organic 
3° polymer from a composite-body thin film further 

in detail. 

[0 0 7 4] [0074] 

MBm\zmm&MfcM!Mm$L As for total-solid concentration of the application 
M^WWMlit, 9c7^)z:t < 2 composition in this invention, 2 to 30 weight% is 
3 0 t((\v:%//ifi{^ LW/\ M desirable like the account of the point. 

Atv D T ii & p & However, according to a purpose of use, it 

wmmmpmmftmmm adjusts suitably 

ifeiililfSill The film thickness of a coating film becomes 

^^■^M%mam WfcM that total-solid concentration of an application 

W^BB&M&WI^MWmB composition is 2 to 30 weight% with the suitable 

fc3„ fr*5 % r cQ^pi)^>^ range, storage stability also is more excellent. 

®mMm ^m>fm< y mM In addition, if this total-solid concentration 

W;tzi$MffiMM (C) {c.l&fi; needs to be adjusted, it will be performed by 

.1 '<? X'i it>ii,Z) c {mBft concentration or dilution by above-mentioned 

wmmrnmrncmmmmmm solvent (C). 

mmm&mw^mmmmmm Total-solid concentration is required for the 

whole quantity of the alkoxysilane with respect 
mrnmm^mmmmmmm to the application composition of a known 
hk%t LXTkbbbtiZo amount as weight% of hydrolysis and the 

siloxane compound obtained by carrying out a 
condensing reaction. 

[0 0 7 5] [0075] 

%mmimmm:Wm®Mj&£ In this invention, it performs formation of a thin 

M±lc&%m0mt>mi&Vo £ film by applying the application composition of 

n1~6 £ £ \c X. o "C?fT 5 o % this invention on a base plate. 

lujj fct LXlifflii^ Uh'ts x As a coating method, it can carry out by the 

h ° y a ^ f £¥(Dm$u<D-)jfex method of common knowledge, such as spread, 
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M KB W0B%. WMmWWfcM an immersion, and spin coat. 

W^MMMBMMWM^MBM However, spin coat is suitable to use for 

W^^i^B^MMMM^mmB manufacture of the insulating layer for the 

h&!ftMX hi>o Wff£o>&tS M multilayer-interconnection structures of a 

mmmmmmmmmmmm semiconductor element. 

% x. <5 ^ t lc <}; - > "C 0 . 1 y m The thickness of a thin film is controllable in 0.1 

~ 1 0 0 m m(DmmX~mWX*$ micrometer - 100 micrometer by changing the 

J 00jimJ:!)fi^t^7 viscosity and rotating speed of an application 

mmm^^mmmmmM composition. 

WMV^SMMWMMMm If thicker than 100 micrometer, a crack may 
mm txm ;««r:;::;i;w occur 
ra^;5 fl i;©iiili^||t As an insulating layer for the 
&° multilayer-interconnection structures of a 

semiconductor element, it is usually used in 0.1 
micrometer - 5 micrometer. 

[0 0 7 6] [0076] 

rnm^mmmmmmmm:m&: Things are also made using 

.-- p T'fllkttM. if y <> compound-semiconductor base plates, such as 
A- t^ % ^^A-rv^ semiconductor substrates, such as silicon and 

mmmmmmmmm^ germanium, a gallium-arsenic, and indium- 

l^i t <b~C#5 U Btihco antimony, etc. as a base plate. 

mmmmmmmmmm^ It can also use, after forming the thin film of the 

ft o x.XMi^B t hHMXh other matter in these surfaces. 

So ccoJJKh Mmt LXitr In this case, as a thin film, to everything but 

W^Wm^mm'MWm metals, such as aluminum, titanium, chrome, 

m^mmm^ m>:M^mm nickel, copper, silver, a tantalum, tungsten, 

9V>/~A-ry, 5 £ osmium, platinum, and gold 

iv ^^^WtMIC^ ~» Silicon dioxide, fluorinated glass, and 

IK^Jfe Vy^fb^/y^s y phosphorus glass, boron-phosphorus glass, 

ly-Wvm-s *')|-!) ^/7X, borosilicate glass, a polycrystalline silicon, an 

^mmm alumina, a titania, zirconia, inorganic 

3 y ; T j\> % i\ ?-#-T\ i? compound, such as a silicon nitride, a titanium 

jvzi~y s ift->!iay v nitride, a tantalum nitride, boron nitride, and 

?-# >\ t^Akf y<9/v, %-fb7j^ hydrogenation silsesquioxane, methyl 

Ifeliiillllll silsesquioxane, amorphous carbon, fluorinated 
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amorphous carbon, a polyimide, other block 
mmmmmmmmmmmmmm copolymers as desired, it can use the thin film 
WmMmmmmMJWmmm which is made up of these. 

wmMmmmmrnmmmmmw 

ft!lfr:;u;c/):/p -y y n>j? \j -v—-/^ 

liliiil:t^;:£lili 



o 



mmm [0077] 

fe^i£% v HfSM^ Prior to, it is sufficient to treat the surface of the 

£\ fo Z fr Z rij_k above-mentioned base plate by the contact 

illlitlfellll improvement agent beforehand to formation of 

<Dft j}\;>\ l,TI:ii/^i^'X ) a thin film. 

& v > y; -y ;/ U y u L Oil It can use a thing, aluminum chelate compound, 

etc. which are used as the so-called silane 

^mmmm mmmmm coupling agent as a contact improvement agent 

mmmmmmmmmmm in this case. 

1lZ>i><DkLX s 3-Tx/y As what is used especially suitably it is 
wmmmiWmmmmmim 3-aminopropyl trimethoxysilane, 3-aminopropyl 
" n;/c 0m h $ m triethoxysilane, an N-(2-amino ethyl) -3- 

vy>, N- y mm aminopropyl trimethoxysilane, n-(2-amino ethyl) 

,V) ~ 3 - rr ^S'Su W V V -3- aminopropyl methyl-di methoxysilane, a 
/• h^v-i/r/^^ N _ (2 _ r viny | trichlorosilane, a vinyl triethoxysilane, 
^ xf /1/) ~ 3 -T-S 3-chloropropyl trimethoxysilane, 3-chloropropyl 

IM«^ methyl-di chlorosilicane, 3-chloropropyl 

W^m. Wmmmmmm . :mm methyl-di methoxysilane, 3-chloropropyl 
m ,mmmmmmmmmm methyl-di ethoxysilane, 3-mercapto propyl 
wmmmmmmmmmmM- trimethoxysilane, 3-glycidoxy propyl 
> : 3 -VuM;fu\?,vs-J-JU trimethoxysilane, 3-glycidoxy propylmethyl 
m ^ mmmm mmmmm dimethoxysilane, 3-methacryloxy propyl 
p Ka,j f> * ^ is y trimethoxysilane, 3-methacryloxy propylmethyl 

3-^aD-/ntVMf/i, dimethoxysilane, a hexamethyldisilazane, an 
Y*"sy-;y s ethyl acetoacetate aluminum di isopropylate, an 

7°h~/nr°;ub>) ,/ mmm aluminum tris (ethyl acetoacetate), an aluminum 
3-/y ->K^o,-/ p bis (ethyl acetoacetate) mono acetylacetonate, 
liliil^i^S-ii an aluminum tris (acetylacetonate), etc. are 
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ziihO % M |r.j Lm &m\i1-& In applying these contact improvement agents, 

t£ & tc-oX fc£&® izfo Z%{fc(D it adds another additive as required. 

Wmmm^m ^mmmm Moreover, it is sufficient to dilute and use with 

hxmm%% ifcYv mmnMM the solvent. 

<t 3 U M. II £ J/ m e \ r It performs treatment by the contact 

5:i if IliitlliiElf , improvement agent by the method of public 

%\^mmm ^mmsmmmm knowledge. 

iii»*iiiMi After using an application composition as a 

~3 0 0°C, tiit, L < W l. 5 0 coating film, the setting temperature in 

~-3 0 0°C, tf;Hk5ihb\z<M-)r particular that it performs succeedingly is not 

Zmffl®mmmm> . mmmm limited, but preferably 100 - 300 degrees C of 



Wmmm::m®M®mmWm degrees C, and gelling reaction also with the 

^mmmmmmmmmmm heat processing temperature, a catalyst 

3 0 # - 5 WuL £i> £ additional amount, or solvent kinds and 

t <(2l#~ mmmm Z> 0 quantity 

Wiimiv ISiiit© Usually it is the range of 10 hours from for 

*y 'J * i)mfc(D V'HkWtfr ■ I - several seconds. 

^^ii^ L- v-y^ i ^So Preferably it is 30 second-5 hours, and, more 




necessary time usually change for 150 - 300 



preferably, is 1 minute-2 hours. 



10/19/2004 



65/86 



(C) DERWENT 



JP2003-89768-A 



wmmmw&m 



I M 



[0 0 7 9] 

wmmmmmmmmmmmm 

wMmmmmmmmmmM 



•So 



By this operation, the gelling reaction of the 
silica precursor in an application composition 
fully advances, and constitutes a silica. 

[0079] 

It may reach to about 100% as rate of fusing of 
a silica. 

Usually, it is just over or below 95%. 

It can require for the rate of fusing in this case 

by Solid NMR, IR analysis, etc. 

In the polymer elimination process which is a 

post process when temperature is lower than 

100 degrees C, a polymer begins to be 

removed before a gelling fully advances, 

therefore, as a result, the high-densification of a 

coating film will happen. 

Moreover, if higher than 300 degrees C, it will 
be easy to form a huge void and the 
homogeneity of a silica / organic polymer 
composite-body thin film which it mentions later 
will fall. 



[0 0 8 0] 
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Thus, the dielectric constant of the obtained 
silica / organic polymer composite-body thin film 
is also low, and there is a thick-film formation, 
therefore, as it is, it can also use as insulated 
part of wiring. 

It can also use it as applications other than a 
thin film, for example, an optical film and a 
structural material, a film, a coating material, 
etc. 

However, it is desirable to convert into a porous 
silica thin film for the purpose of obtaining the 
material as an insulator of a LSI multilayer 
interconnection a dielectric constant is still 
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10 0 8 1 ] [0081] 

aaiHiRSMi To an insulating porous silica thin film, it carries 

mmmmmmmmmmm out from a silica / organic polymer 

: ^ y i« composite-body thin film by removing a polymer 

MmmWmmmmmmWm from a silica / organic polymer composite-body 

mmm fmm m mm wmmm thin Aim. 

At this time, if the gelling reaction of the silica 
i>\ v- y precursor is fully advancing, the region which 
*Z<f=M y ^ W&Mm&m the organic polymer in a silica / organic polymer 
<mmm ^mmmmm composite-body thin film occupied will remain, 
mm^mmmmm without being crushed as a porosity in a porous 

mm&mmmmmwmmm silica thin Aim. 

mmmm ^mmm As a result, a porosity is high and it can obtain 
mmmmmmmmW®m the low porous silica thin film of a dielectric 

mmmmm* - constant. 

[ 0 0 8 2 ] [0082] 

mmmmmmmmmmm Heat, a plasma processing, a solvent extraction, 

LTii, mm, y-7XVMSU etc. are mentioned as method of removing an 

M^mm&mmWlMWmM organic polymer 

mmmmmmmmmmm However, from a viewpoint that it can implement 

imtmmmmmmmmmm easily in the present semiconductor-element 

&m vMMJ>mm± m^mW^ manufacture process, heat is the most 

tmmwmwsmmmmm desirable. 

tmmmmmmmmmmm In this case, it depends for heating temperature 

mm^mm^mmmmmmm on the kind of organic polymer to be used, that 

mmmimmm> mmmmy by which transpiration elimination is only carried 

mwM%mmm<smmmm out by a thin film condition, the thing by which 

mmm:Mmm%mm®m baking processing elimination is carried out with 

"illil lliiili a degradation of an organic polymer, and that 

3 0 ° ~ 4 5 0 iCv Wm L < case where it mixes exist, 

(i 3 5 0 ~ 4 0 0 °C</)«tiP1I-efc However, the usual heating temperature is 300 - 

%a mmmm mm^mm 450 degrees C, preferably it is the range of 350 

mmmmmmmmmmm - 400 degrees c. 
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mmmmmmmmmmmmm If lower than 300 degrees C, elimination of an 

' ^WMM&P \) fj-mWMVf organic polymer is inadequate, and in order that 

Zmmmmmkmmmm the impurity of an organic substance may 

#XMfi<b#l\ 5 remain, there are danger of the low porous 

0°CJ; t9 Wmmmmmmm silica thin film of a dielectric constant not being 

mmmmmmmmmmm® obtained. 

tiX*mi£ LV^\ #<&fl£!Ri£ Moreover, there are also many amounts of 
mmmmmmmmmmm contamination gassings. 
~ C **>S° Conversely it is desirable to treat at 

temperature higher than 450 degrees C in 
respect of elimination of an organic polymer. 
However, it is very difficult to use in a 
semiconductor manufacture process. 

[0 0 8 3 ] [0083] 

WffiMimmmmmmmm As for a heat time, it is desirable to carry out in 

m^'Mmmmmmmm 1 o second-24 hours. 

mmmm Wmmmmmm Preferably it is 10 second-5 hours, most 
Zmmm < %M W~mmm preferably it is 1 minute-2 hours. 
fo%« M®mmmmmm$ Since transpiration or a degradation of an 
Wmmmm j mmM&MMm organic polymer will not advance enough if 
Wmmmmmrnmmmm shorter than 10 seconds, an organic substance 
VWmmmmmmmwmmm remains as an impurity in the porous silica thin 
mmmmmmmmimmm film obtained, a dielectric constant does not 
V:>o: $ felHil^lft2 become low 

Ili»ilf»(itr2 Moreover, it usually completes thermal 
mmmmmmmmmmmmm decomposition and transpiration within 24 
mm&®m;mmmmBm hours, therefore, heat of a more than this long 
mm ^mmmmmmmm time seldom makes an implication. 
mMmrnmmmmmmmm It is desirable to perform heat by inert 
mmmmmmmmmm atmospheres, such as nitrogen, argon and 

mm-immmmmmmmmm helium. 

m mmimmmm C 0 Although it can also carry out by the oxidative 

mmmmmmmmmm atmosphere of mixing air or oxygen gas, it is 

&v mmmmmmmmmm desirable to control concentration of' this 

mmmmm^^mmmmm oxidizing gas in this case to concentration which 
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an organic polymer does not degrade 
substantially before the silica precursor 
gelatinizes. 

[0084] 

Moreover, it lets ammonia, hydrogen, etc. exist 
in atmosphere. 

It reduces the hygroscopic property of a porous 
silica thin film by deactivating the silanol group 
which remains in a silica. 

It can also control a raise of a dielectric 
constant. 

The amount of residue polymers in the porous 
silica thin film after removing the organic 
polymer of this invention on the above heat 
conditions is reduced remarkably, therefore, 
phenomena by the cracked gas of like the 
mentioned above organic polymer, such as a 
decline of the adhesive strength of the upper 
membrane and exfoliation, do not start. 
In addition, the effect becomes remarkable 
further because the organic polymer in the 
application composition of this invention 
includes a polyether block copolymer and the 
polymer which has a chemically inactive 
terminal group to the silica precursor. 



[0 0 8 5] 
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[0085] 

If this invention performs the step which 
removes a polymer on the above-mentioned 

* con ditions after passing through the step which 

*i»SIIIIl5 forms a silica / organic polymer composite-body 

mmmsmfrm>wmmm thin film, it will be satisfactory also passing 

tti©liiili!ai^ through the step by the temperature and 

mmmmxmmmmm^m atmosphere where it is as desired before and 

m mmmimm mmmm after the step. 
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mmmmmmmwmmmmm Heat can use the sheet-feed type vertical 
Wm^mW&^mmmm furnace or the hotplate type baking processing 
mmMmmMMmmm^ system usually used in a 
iM^m -M m mmm Wmmzm semiconductor-element manufacture process in 
I Wl^IliilW this invention. 

* Z.tvbWBifc£tiZ>t ) <7) Of course, if the production process of this 
r< *^ v '° invention is satisfied, it will not be limited to 

these. 

[0 0 8 6] [0086] 

mM.mmmmmm^mm As mentioned above, the thing for which it uses 
mm^mmmmmjmmm the porous silica thin film of this invention, a 
iSj < , froffim*¥ # ftftlc mechanical strength is high and it can form the 
fe> mm I Mm%MmMm$$M insulation film for multilayer interconnections for 
mwmmmm :« Wmm I LSI with a sufficiently low dielectric constant. 
mmmmmmmmmmm The dielectric constant of the porous silica thin 
#2. 8~ l . 2, L< film of this invention is usually 2.8-1.2, 
2. 3~ 1 . 2, $ hlrfriK b preferably it is 2.3-1 .2, furthermore, preferably it 
3~l. 6-CfoZ> 0 - is 2.3-1.6. 

Wmmm®mMmmmmm It can adjust this dielectric constant by the 

»<Z> (B) r&ft<7)*xftmz£ content of the (B) component in the application 

VMWtZzt mmim %m composition of this invention. 

mmmmmmmmm B Moreover, in the porous thin film of this 

IliicMllgiiK^ invention, it sets to the pore distribution 

«2 GmmmMmmmmm measurement by BJH method, porosity 20 nm 

aft h ti-f ; M \m t or more is not observed substantially but is 

l"Cfe-5 0 suitable as an interlayer insulation film. 

[0 0 8 7] [0087] 

^&&M^mWMmm It can also use the porous silica thin film 

mmmm. mmmtmm? obtained by this invention at the porous silica 

^mmmmm. mmm body of the in the shape of a bulk other than a 

mmmmmmmmmmmm thin film, for example, anti-reflective coating an 

mmmmmmmmmmmm optical film like a light guide, or the beginning of 

mmmm ^mmmmmmm a catalyst support as a heat insulating material, 

-A-y ypjit.m, WlWiM, an absorber, a column filling material, a caking 
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preventive, a thickener, a pigment, an 

opacification agent, a ceramic, a 

smoke-prevention agent, an abrasive, a 
toothbrushing agent, etc. 

[0088] 



[EMBODIMENT OF THE INVENTION] 

Hereafter, it specifically demonstrates this 
invention with an Example and Comparative 
Example. 

The range of this invention is not limited at all by 
the these Example etc. 

It performed the application composition for 
porous silica thin film manufacture, and 
evaluation of a thin film by the following method. 
(1 ) Silica composition ratio 
It expresses with the numerical value which 
computed respectively the silicon atom 
originating in the alkoxysilane with which the 
functional group number contained in an 
application composition in this invention differs 
from the area of the signal by 29 Si-NMR, and is 
considering it as composition ratios, such as an 
alkoxysilane contained in an application 
composition by contrasting these. 
Moreover, it has also obtained the composition 
ratio of the silica obtained from the alkoxysilane 
in the insulating thin film manufactured using 
the application composition etc. by the similar 
measuring method. 
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As an example, it demonstrates the method of 
computing mol % (silica composition ratio) of Si 
atom of the DMDES reason in the thin film at 
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*^ 7> (DIVIDES) %M the time of using a tetra ethoxysilane (TEOS) 

Wmmmmmmmmmmm and a dimethyl diethoxysilane (DMDES) as an 

iWSlIlIiiittfcl alkoxysilane. 

WlWlf) liffll^lWiill Apparatus: JEOL-lambda 400 

* Mm : J E D L — 7 A.y 4 0 0 Measurement mode: NNE 

~ ^ : N N E Sample pipe: Outer diameter 10 mm, internal 

Bi': 1 Oram, 3 diameter 3 mm 



mm 



mm$mm<mmm&®m0 (An application composition and a thin film are 
Wmf-m flSilllll) small-amount adding about D-ized ethanol and 
WMMM : 1 3 0 0111 TMS) 

£#, (^xr> I* •) 25 The number of times of total: 1 300 times 
° PD (pulse delay) 250 seconds 

BE (:/n- K- ^7 7 BF(broadening factor) 30Hz 

-) 3 0 II z 

mmmmmmmxmmmm It computes from the formula shown below 
Wmmmmmmm^mm using the numerical value acquired from the 

(C/K-J-.il ^j-t.fc *) ftHi1<S 0 above measuring device and measurement 

DMD E S o^% = i o 0 x conditions. 

(D0 + D1+D2)/{(T0 Mol % 0 f DMDES 

+ T 1 +T2+T3+T4) + =100*(D0+D1+D2)/{(T0+T1+T2+T3+T4) + 

(D0 + D 1 + D2) } (D0+D1 +D2)} 

(«f£ll|iijliif| (In the Formula, to and DO each express the 

Wm>mmmm®3 Wmmm signal integrated intensity which belongs to the 

iiiWISiiiiifi compound which the at least one part hydrolysis 

'mmmmM®Wmmmm. of TEOS of a raw material and the ethoxy group 

^mmmBmmmmmmm in DMDES was carried out with an above 

£ fx, $ *s ? -f-yVffift ffitg £ ^ apparatus, and became a hydroxyl group, t1 

U T l , Dl llTEOSfci. and D1 express the integrated intensity of the 

tKDMDEScD^S i (T)-m signal which belongs to the group which one 

^mm:mmmmmmmmmt place of each Si of TEOS and DMDES connects 

^mftmmmmmmmmz. together through an adjacent Si atom and an 

Wmmmmmmmmmmm oxygen atom, and Is formed, t2 and D2 express 

& r £L, T 2, I ) 2 1:1 T E O S the integrated intensity of the signal which 
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I ii # belongs to the group which two places of each 
Si in TEOS and DMDES connect together 
LXMi&iSti through an adjacent Si atom and an oxygen 
mmMmmmmmmmmm atom, and is formed, t3 expresses the 

integrated intensity of the signal which belongs 
to the group which three places of Si in TEOS 
connect together through an adjacent Si atom 
and an oxygen atom, and is formed, t4 
expresses the integrated intensity of the signal 
which belongs to the group which four places of 
Si in TEOS connect together through an 
adjacent Si atom and an oxygen atom and is 
mbWm?1mmmWm% formed. 



TEOS 
COS i 



fa I II 



1 



&^mrm$MM wm u t 4 

(4T e o si|3® s i 'MVftiBSF 
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Am 



4±A 
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[0090] 

(2) Dielectric constant 

It measured using the solid-state measurement 
company make SSM495 type automatic 
mercury CV measuring device. 

(3) Thickness measurement 
It measured using RINT 2500 made from a 
Rigaku electronic. 

Measurement conditions set the graphite 
U -y h : 1/6° , W.x y -y h : monochromator in front of the detector 
1/6° % ^^4 .; 0.15mm (scintillation counter) by divergent-slit:1/6 

degrees, scattering slit:1/6 degrees, and 
reception slit:0.15 mm. 
f i:-\>y \- l/c„ M It each measured the lamp voltage and the tube 
MJBZMMMm y cMh 40kV current by 40kV and 50mA. 
£ 50mA Wmmmmymmz- However, it is as required changeable. 

Moreover, the scanning methods of a 
fe* -i--A }-Wfcmk\t 2 goniometer are 2 (theta) / (theta) scanning 
9 1 0 ti-K^-r y -fix method, and it made the scanning step into 0.02 

0.02° h Ufco degrees. 
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Wmmmmmmmm (4) Young modulus 

MTS Systems Corporation & It measured by the nano indenter DCM by MTS 
mmmmmmm DCM mm Systems Corporation. 
M L fc 0 M felfife it v a. if The measuring method stuffed the Berkovich 
^mmmmmmmmmmm type pressurizing piece made from a diamond 

j n to the sample, and after carrying out a load 
nW^MmmmmmmB until it reached the fixed load, it required for the 
t> MiftZ^p^ft^kK load-displacement curve by monitoring a 
^0Mm^mmm^mmmt. displacement except for it. 
mmmmmMmmmz:mm The contact stiffness has recognized the 
m 200N/m ^ t L surface on the conditions which become 200 

fee mmmmmtm mm^mm wm. 

Calculation of hardness is based on the 
following formulas. 

zzmmmmmmmmmm h=p/a 

•5 ; mmmm A mmmZ he Here, P is the impressed load. 
mmmmmm^mmW^ By following Formula, it required for the contact 

area A experimentally with the function of the 

contact depth he. 

10 0 9 1 ] [0091] 



= P 



mi) 



i-l 1/2' 

A=24.5h c z +2 mh c 
i=0 



[EQUATION 1] 



[0 0 9 2] [0092] 

Vommmrnm<mmm This contact depth has the displacement h of a 

mm?.h?>„ pressurizing piece, and the following relation. 

h emmmm Hc=h-(e PS iion)p/s 

m&m {10.75, smmilim (epsillon) is 0.75 and S is the initial-stage 
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Wmmmmm^Mmmmm gradient of a unloading curve here. 
m m^m^B\^mm^¥mm^m Calculation of a young modulus was peevish 
iattfefei and it calculated for it by a boss's formula. 

Er=(V~ n ♦ S)/2/A Er= ( SQUARE-ROOT-OF (pi) -S) / 2 

SQUARE-ROOT-OF A 

SlliiE r mmM Here, the composite coefficient of elasticity Er is 
£ tt -5 o expressed with following Formula. 

E r =[( 1 - v s 2 )/ l:s I (1-v Er =[(1-(nu)s 2 )/ Es + (1-(nu)i 2 )/ Ei ] 1 ) 

1 ^ E i 1" Here, (nu) is a Poisson's ratio and Subscript S 
£ " t\ v fi/KT y Wt, is a sample, i expresses a pressurizing piece. 
SJi*^/K i iW : . f-^Mi-., In this invention, although (nu) i= 0.07, 
^mm ciXvi: 0. 0 7, Ei Ei=1141GPa, and the Poisson ratio of this 
-- 1 1 4 1 c P a , £/c44W material were unknown, they computed the 
mmw y PWmmmmmmM young modulus Esof a sample as (nu) s= 0.18. 
vS=0 - iMtmmwmmm. In addition, it measured the young modulus in 
WmmmmmmmEs *mmm this invention by 0.8 micron-1.2 micrometer film 
WM^MmWmMmmmmm thickness. 

(5) The amount of gassings : conduct a 

mmmmmmm'mkm. m thermomechanical analyses (TGA) using 

mmmm.< mmmmmmmM Shimadzu TGA-50, and temperature_raise from 

-50 £• j|j I/ £ fi^Kf ( T room temperature to 425 degrees C by 20 

GA) <HtV\ £M7^e>2 0°C degree-C/min, it made the weight percentage 

SftmmZsmmmmmm m reduction (weight%) before and after 

2 5'C"C 6 O^lfijftif.'f L/cijuM maintaining for 60 minutes at 425 degrees C 

into the amount of gassings. ' 

[0 0 9 3] [0093] 

I'MMffl 1 ] [EXAMPLE 1] 

T h ^ Y^'/'yylsX 3. 2 It adds polyethyleneglycol polypropylene glycol 

§■*; $^m?^-m*§<m* polyethyleneglycol (number average molecular 

2 . Or, -r- 9 J ~/U 2 3 . 5 weight 6400 and number average molecular 

R , 7K I 6 . 2 g , () . l m <) weight of polypropylene glycol part are 3200) 

WMW®Mmm-Wm>Mmm 3.8g, and it stirred into the blend of tetra 
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ethoxysilane 13.2g, dimethyl diethoxysilane 

2.0g, ethanol 23.5g, 16.2g of water, and 3.3g of 

0.1 mol/l nitric acid for 5 hours, and made it 

react to it at room temperature. 

Si atom derived from the dimethyl 

diethoxysilane in the application solution of 

obtained this invention was 17 mol %. 

3 ml of this solution is added dropwise on a 6 

inch silicon wafer, it carried out the spin coating 

for 60 seconds in 1050 rpm. 

After that, in air, at 120 degrees C, at 200 

degrees C under nitrogen atmosphere for 1 

minute, it carries out heat baking processing at 

400 degrees C under nitrogen atmosphere 

continuously for 1 hour for 1 hour, film thickness 

obtained the porous silica thin film which is 0.96 

micrometer. 

The dielectric constant in 1MHz in the obtained 
thin film was 2.17, and young moduluses were 
5.26GPa(s). 

Furthermore, the amount of gassings was 2 % 
or less. 



[0094] 



limmm [COMPARATIVE EXAMPLE 1] 

tfmmmmmmmwmmmy It performed the operation as Example 1 that it 

Wmmmrnmmmxmmmm was the same besides having used 

m^mmmmmmmm polyethyleneglycol dimethyl-ether (number 

y^ vy'/ yn—jvVt^^ average molecular weight 600) 3.8g instead of 

m«ma> mmmmmmm polyethyleneglycol polypropylene glycol 

mmmsmmmmmmmm polyethyleneglycol, and film thickness obtained 

mm m^mmmmmmmm the porous silica thin Aim which is 077 

mm :zm»m®gmmmm micrometer 
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The dielectric constant in 1 MHz of the obtained 
mmzmmmmmmmmm thin film is 3.11, and young moduluses are 

m^smmpmmmmmmm. 3.i6GPa(s). 

mmmmmmm^mmmmm It was the result of saying that a dielectric 
illtMSPfi m 1 % constant is high compared with Example 1 , and 

^M^M^MMmMi a mechanical strength is low. 



[0 0 9 5 ] [0095] 

mmmm [COMPARATIVE EXAMPLE 2] 

f\\ci6V^X : J/^;vi/^ Except not using a dimethyl diethoxysilane in 

Wpf %«^Hi^li Example 1, it is the operation similar to Example 

" JJ "' J1 iW^W'Cv^lt 1, and prepared the applied liquid of this 

>^#»PM:Uf4 #§ Comparative Example. 

8 5 /i m. The film thickness of the obtained thin film 

imnmt 4. 5 5 <b*£<\ found that it was as large as 4.55 and 0.85 

£ L T ft MB -C h 3 r. micrometer and a dielectric constant were 

hfr y M^tz 0 unsuitable as an insulated thin film. 

10 0 9 6] [0096] 

[%mV2--~7] [EXAMPLE 2-7] 

-r Yy-.y- |-\-->->y> j . 74 It adds 0.50g of blends with various mix ratio of 
g > m fvu v^n h * -> -> y > polyethyleneglycol polypropylene glycol 

0. 2 6g, .1:^7-/1,3. ! polyethyleneglycol (number average molecular 

/K2. 1 K% 0. 1 mo I weight 6400 and number average molecular 

/ I vmmo. 4 3 MiMM® weight of polypropylene glycol part are 3200) 

{2: v mmmmmmmmm- (a), and polyethyleneglycol dimethyl-ether 

Wmmmmmmm^mmmm (number average molecular weight 600) (b), 

mmBmmsmmmmm*. and it stirred into the blend of tetra ethoxysilane 

m^m^ mmmmmm 1.74g, dimethyl diethoxysilane 0.26g, ethanol 

®m,: mmm£^mZmm~ 3.1g, 2.1g of water, and 0.43g of 0.1 mol/l nitric 

^mmmmmmmmmm 0 acid for 5 hours, and made it react to it at room 

0) W^#^fWia temperature. 

-^^.^-r-A,-r.-.- 7 ^ mmm All Si atoms derived from the dimethyl 

mmm^mmmmmmm diethoxysilane in the obtained application 
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ifiillfe llWl^l solution were 16 mol %. 

^t : H)S^/c 0 WfefCf£^ Next, 3 ml of each solution was added dropwise 

WmgmWZmmmMtm on the 6 inch silicon wafer, and it carried out the 

y\hM<DS iMllft^X 1 spin coating for 60 seconds in 1050 rpm. 



mmmmmmm 

3 m l $j ]-' L , I 0 5 0 r p ni 



[ 0 0 9 7] [0097] 

mm^mmm 12 m Wmm After that, it carried out heat baking processing 

#fflk mfr&m%T2 0 0B(5 at 400 degrees C under nitrogen atmosphere 

"C 1 li.Vli"!, fec^ C'^^V/lJIfAC K continuously in air in 200 degrees C for 1 

4 0 0°CKT 1 mWmmm^ L minute by 120 degrees C for 1 hour for 1 hour, 

X, II a- <J) mm. -> y ;j& « 4' and obtained the various porous silica thin film. ' 

#fe 0 mm^mmmtm ( l v ) The dielectric constant was 2.5 or less and the 

K&M tiSm *L-. &&&&&& young modulus of all was 5 or more GPa as 

Wmm&rsmmmmmmm many physical properties of this thin film were 

'% v rx 5 G P a % \- x m shown in table (1 ). 

tz„ Wtiki !r{1~)-^<-c l % Moreover, all capacity was 1 % less. 

mmm&^m : *%» v mm That is, even if the ratio that a polyether block 

tcttmtf V ^~<D -) y *.— copolymer occupies among the used organic 

m.;mm- ^mm) irhmmm polymers was small, it was shown that the effect 

3 tmm^ < X t> & expresses. 

[0 0 9 8] [0098] 

mmmmmm [example 8-12] 

->• hyx h*i/i/y> l 3. 2 It adds polyethyleneglycol polypropylene glycol 

g v m^mmmmm^m^mm polyethyleneglycol (number average molecular 

2. 0 g , o^y-/ix2 3. 5 weight 6400 and number average molecular 

g , M I 6 . 2 g\ 0. 1 mo weight of polypropylene glycol part are 3200) 

^J mm^. :^m^mm 3.8g, and it stirred into the blend of tetra 

mym^rnmmWSMmm ethoxysilane 13.2g, dimethyl diethoxysilane 

mvmmmmmmmmm 2.0g, ethanol 23.5g, 16.2g of water, and 3.3g of 
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Wmmmmmmmmm® 0.1 mol/l nitric acid for 5 hours, and made it 

®mmmm®^mmmmmm react to it at room temperature. 

mm mmmmm@mmm After distiling ethanol in 50 degrees C and 50 

MS 2 0 0) 3, S g*MX, mmHg after that and concentrating to 19.0g, it 

Wmmmmmmmmmmm packaged 0.48g at a time, and added 0.1g of 

tea -?:©i5 0t;, 5'0'mmH water, and 3.8g of various solvent. 

Wmmmmimmmmmm Si atom derived from the dimethyl 

9 • 0 g £ T»M L/cf£, 0 . dimethoxysilane of the obtained solution was 1 7 

%m^mmm®m<m®^i moi%. 

mmmmmm^ mmmrn 3 ml of each these solution was added dropwise 
t& ^mmvfmmmm mm on the 6 inch silicon wafer, and it carried out the 
^mm&mmmmmi « spin coating for 60 seconds in 1050 rpm. 
- 1 7-tju%-ch-> tc.., -.tih After that, in air, at 120 degrees C, for 1 minute, 
mmm^Wmmmmm:* it continues at 200 degrees C under nitrogen 
'v±K3m l mmi% 1 0 5 0 atmosphere for 1 hour, and is at 400 degrees C 
r m WWm 6 ^mmmmmmm under nitrogen atmosphere, it carried out heat 
fc^mmmmmmmmtm baking processing for 1 hour, and obtained the 
1 'MM'SUHU h 2 0 0 °C various porous silica thin film. 
^m mm,mmmmmmm As many physical properties of this thin film 
n&mmtWmmmmm being shown in table (2), all are dielectric 
^m m^mm\mmmmm constants, the young modulus was extremely 

^m^o mmmmmmmmm high at 2.4 or less. 

m^mmmmmm^mmm Furthermore, all the amounts of gassings were 

^mmmmm^mmmmm 2 % less. 



■o 



10 0 9 9] [0099] 

[«0U 3] [EXAMPLE 13] 

m^mm-M^mm-mm. mm It adds polyethyleneglycol polypropylene glycol 

P-mm^mmmmmm^m polyethyleneglycol (number average molecular 

2 8 g, 3 5 gl weight 6400 and number average molecular 

1 • 6 g> 0. 1 mo 1 / 1 weight of polypropylene glycol part are 3200) 

3 mmmmmm 0.38g, and it stirred into the blend of tetra 
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y -ji -J- \y > ^ y — ^ - ;K U 

-/ m y a — /i— # y -r. 

wmmmmmmmmmm 

3 2 0 0) 0. 3 8 g^jnx, 
iC ffl. T 5 H# f?0 # L ht £ -It 

l^lliiiiliiiii 

f&&6 f-i/y zi-ytj 3T./N1- 
l'3m 1 iTL, TO 5 O r p 

iiiilliietlS 

1 2 0°C(,'. c 1 # 

tiiiiiliii 

t£^y #«£#7t 0 i 
4< i..t 2 . 2 4, ^ y-D x : y 

^fi5. 6og p wtmmMc 



ethoxysilane 1.0g, dimethyl diethoxysilane 
0.28g, ethanol 2.35g, 1.6g of water, and 0.33g 
of 0.1 mol/l nitric acid for 5 hours, and made it 
react to it at room temperature. 
Si atom derived from the dimethyl 
diethoxysilane of the obtained solution was 26 
mol %. 

3 ml of this solution was added dropwise on the 
6 inch silicon wafer, and it carried out the spin 
coating for 60 seconds in 1050 rpm. 
After that, it is in air, at 120 degrees C, at 200 
degrees C under nitrogen atmosphere for 1 
minute, at 400 degrees C under nitrogen 
atmosphere continuously for 1 hour, it carries 
out heat baking processing for 1 hour, film 
thickness obtained the porous silica thin film 
which is 0.85 micrometer. 
The dielectric constant in 1MHz of the obtained 
thin film was 2.24, and young moduluses were 
5.60GPa(s). 

Furthermore, the amount of gassings was 2 % 
less. 



[0 1 00] [0100] 

immmm] [COMPARATIVE EXAMPLE 3] 

iv$ mm mm f W&mW^ It performed the operation as Example 1 3 that it 

mmmmmmMmmmmm was the same besides having used 

mm^mmmmmmWmiim polyethyleneglycol dimethyl-ether (number 

ym$*m*M y ri /]/ v> / m/u average molecular weight 600) 0.38g instead of 

- n "" 7 " >u (iWilWil) polyethyleneglycol polypropylene glycol 

0 . M S ^mm^mmM^mm polyethyleneglycol, and film thickness obtained 

mmmkm^mmmmmm the porous silica thin film which is 0.79 

WmtiP&,i.: MM^tmSMMP micrometer. 
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y W MM^n VftZo WB fitatm The dielectric constant in 1 MHz of the obtained 

WlllSililii thin film is 2.54, and young moduluses are 

2 , ^mmmmmmmmmm 2.50GPa(s). 

WMmmmmmmmmmmm It was the result that a dielectric constant is 

1 3 t \kML LXMU&teiV, < , high compared with Example 13, and a 

"" ^Mtef£</ N £ i/ v 7HJ£-C& mechanical strength is low. 



o/c _ 

[0101] [0101] 

J»^J14] [EXAMPLE 14] 

v- t> 7± h df- v'v'y ^34. 7 The tri methyl ethoxysilane 1.0g ethanol (9.3g) 

g > -t-^ 7— /i>6 1 . 8 g , /i< solution was added dropwise over 1 hour, 

4 2 . 6 g , 0 . lmol/l stirring tetra ethoxysilane 34.7g, ethanol 61. 8g, 
8 , 8 g m 5 ^mmB 42.6g of water, and 8.8g of 0.1 mol/l nitric acid 

5 Ui > y 7 ^-/U=c f> 3f- a t 50 degrees C. 

v-^yy l . 0 g co.-c 7/ y -/i, it takes 52.7g of the obtained solution, and adds 

(9. 3 g) tm* immfrtt 25g of ethyl lactates, it distils the solvent in 50 

degrees C and 50 mmHg, after concentrating to 

h 5 2 • 7 9 , 25.9g, it added 0.60g of water, and 3.2g of ethyl 

mmm g£i£/JUU S«; 5 lactates. 

0mmHgj;-C«S:£-L, It packages 5g of this solution, it adds 

2 5. 9 g £ -e$t ffif L /c $ ; /k polyethyleneglycol polypropylene glycol 

0. 6 0 g, a^ /vua. 2 polyethyleneglycol (number average molecular 

mm$m;mmm®mmS weight 6400 and number average molecular 

g %/Wtf t % /ff Uy >/ weight of polypropylene glycol part are 3200) 

mm^mmmmmmmm o.6 g , and makes it dissolve. 

mrm^mmmmmmm'^ It obtained the application solution of this 

^mmmmmm:mm&m^m invention. 

mmmmmmmm&m> Si atom derived from the trimethyl ethoxysilane 
Wm^mmmmmm mm . in this solution was 5 mol %. 

6 g %n\ x^mmm, wmm 



•0 
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m w mm [0102] 

lillli»llll|s The 3 ml of this solution as follows is added 
^llrtlilliill dropwise on a 6 inch silicon wafer, it carried out 
0 5 0 : r wmm m Qmmmm the spin coating for 60 seconds in 1050 rpm. 
ML/c, Zom-V/^V I 2 After that, in air, at 120 degrees C, at 200 
0°C{CT 1 #fnh "gMW&k K degrees C under nitrogen atmosphere for 1 
2 0 0°C(C-C 1 IffFfJj, Wi^^'CM minute, at 400 degrees C under nitrogen 
M^mU K4 0 O'CK'- C I U.Viaj atmosphere continuously for 1 hour, it carries 
MWMlkLX, mmn. 1 3 out heat baking processing for 1 hour, film 
U tmm^m^mmmm thickness obtained the porous silica thin film 
tz a W&B&MBtf) l MH z \z which is 1.13 micrometer. 
mmmmmmm,: 2 8- -V The dielectric constant in 1 MHz of the obtained 
>>J*<y.-±7-A\t4. 9 4 G P thin film was 2.28, and young moduluses were 
a o tz a jfxfttkmt 2 % 4.94GPa(s). 

^-efcofco The amount of gassings was 2 % less. 

10 10 3] [0103] 

mmmm [COMPARATIVE EXAMPLE 4] 

XV^-^y'/V =>-/u-7fs<J it performed the operation as Example 14 that it 
•/nt>y^y.i-;v-;Kyx was the same besides having used 
m^ymmmmmmm^mm polyethyleneglycol dimethyl-ether (number 
y::m^vm?mmmmmmw> average molecular weight 600) 0.6g instead of 
mMm^mmmmmmmmm polyethyleneglycol polypropylene glycol 
°- 6 polyethyleneglycol, and film thickness obtained 

mmmmmmmmm m the porous silica thin film which is 0.94 

mmm.-mmMmmmmmu micrometer 

* WMmm nbtitzBl\$0 The dielectric constant in 1MHz of the obtained 

tWMMmmmmmmmm® thin film is 2.39, and young moduluses are 

2. 3 9, ■Yyy^i/x.yxit 2.38GPa(s). 

mmmm^mmommmm Compared with Example 14, the dielectric 

1 4 t ltm. LXmmmiXmm®. constant is comparable. 

mfcm^:;Wmmmmmxm> However, it was the result of saying that a 

ohh l Jk'Qh^tc 0 mechanical strength is low. 
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[0 1 0 4 J 

wmmm 

*r : F 5^J H * VlrXs-y ^10 

7 ^ 2 0 3 : 0 g „ *J * fvP 
iji hA-v-->v>9 7. 3 g, 

re-vl^e 
Vi t7^a> - 7-/1^5 5 9. 3 g ; 

3 9 ■ , 7 g mmmmmm ^ 

0 g^TKl 5 7. 7 



g ( " /J » L & A ffc ft 1 '•(( 2B "C 

2 m mmmmmmmm wmm 

0%c/;;;Ky ^u^-f->y ^ 



/.S- te> •(•* }- ^ 



»w u-;i-in i r/x.M> 



[0104] 

[COMPARATIVE EXAMPLE 5] 

The aqueous solution which dissolved 1.0g of 
maleic acid in 157.7g of water was added 
dropwise at the mixed solution (tetra 
methoxysilane 101.3 g, methyl trimethoxysilane 
203.0g, di methyl dimethoxysilane 97.3g, 
propylene-glycol mono propyl ether 559.3g, and 
methyl-n- pentyl ketone 239.7g) over 1 hour at 
room temperature. 

It concentrates after making it react at 60 

degrees C after completion of dripping for 2 

hours moreover a mixture until it becomes the 

total amount of solutions of 1,000g under 

reduced pressure, obtained polysiloxanesol of 

20% of solid-content contents. 

In addition, solid-content concentration in this 

case, the silica precursor is completely. 

It calculated the thing which hydrolysis and a 

condensing reaction carried out as a solid 

content of a silica. 



[0 10 5] 
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To the polysiloxanesol obtained above 100q 

mmm^mmmm, (2 0g of SO ii d contents" 

m polyoxyethylene-polyoxypropylene-polyoxyethyl 
i/7nh°uy-tfy J-* ^ p ene b|ock C0p0 | ymer (jt added the Sanyo-Kasei 
uyy a -y >j z±if s y ^ - ( _ ^. make and [equiva | ent for new po(e 61H0 .p E0 

m (m m, m^mmm 2-PPO30-PEO2-OH] 3.5g, and obtained the 
1 CH °- P E O 2 " p p O30- composition for membrane formation.) 
Pl< 02-OH#i !, i) 3, 5g£ It applies the obtained composition for film 
m] L ^mmmmmmmm o formation with a spin coat method on a 8 inch 
mmmmmmmmmmmm silicon wafer, in atmospheric air, it is 80 degrees 
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C and is for 5 minutes, subsequently, after 
^ 19 ^ Ls heating for 5 minutes at 200 degrees C under 

BlMmmm^mmmmmm nitrogen, moreover in vacuum, in order of 340 
mmmmmmmmmmmmm degrees C, 360 degrees C, and 380 degrees C 

^s»m§mmmmmmm respectively 

mmm:mmmmmmmm Heating every 30 minutes, furthermore it 
^^mmmmmmmmB heated at 425 degrees C under vacuum for 1 
toiiltiSilll$iii hour, and formed the colorless and transparent 

mmmmmm%mmmm membrane. 

%\hfomm(r)&mm^ft2. The dielectric constant of the obtained thin film 
4, t^^i/ a 7X|i;i. 2 was 2.4, and young moduluses were 

©Pa w&mm mm^mzm 3.2GPa(s). 

illiiSiiiii Moreover, there were more amounts of 

gassings than 2%. 

10 10 6] [0106] 
[MM [TABLE 1] 
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03/7./ 


0.74 


2.4 


•••5.14: • - 


i<196 
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05/7.5 


0 70 


2.4 


5.14 


<1% 
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1/7 


076 


2.3 


5.22 


<1% 
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2/e 


0.77 1 


2.3 


- . 5,82 


<1% 


, 6 


3/5 


0.82 


2.3 


5.00 


<1 % 


7 


5/3 


0.86 


2.3 


5.92 


<1% 



Example 
modulus 



Weight ratio 
Capacity 



Film thickness Dielectric constant Young 
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[0107] 



mm 



[TABLE 2] 



6 
9 

To 



11 



12 



I 



084 



1.17 



1.30 



1.20 
1-85 



2.20 



2.20 



220 



2.20 



2.30 



4,92 



4.42 



<29* 



420 



4.0fl 



AM 



<2W 
<2% 
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Example Solvent 
modulus Capacity 



Film thickness 



Dielectric constant 



Young 



[ 0 10 8] 



mmmmmmmmm. 



mm 



mmm 



[0108] 

[ADVANTAGE OF THE INVENTION] 

A dielectric constant is low enough and stable, 
and the porous silica thin film by this invention 
bears enough the CMP process in the 
copper-wiring process of a semiconductor 
element, and is the optimal as an object for the 
insulation film of the base plate for LSI 
multilayer interconnections with less 
contamination gassing amount at the time of 
beer formation, or a semiconductor element. 
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